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INTRODUCTION 


Electrostatic  storage  tubes  have  been,  selected  for  the 
high-speed  internal  memory  of  the  Whirlwind  computers.  The  tubes' 
are  of  the  deflection  type  where  a  cathode  ray  beam  writes  on  a 
dielectric  surface.  Both  plus  and  minus  signals  are  read  oti  of 
the  tubes  representing  the  digit  0  and  1.  Signals  are  stored  per¬ 
manently  and  are  maintained  by  a  holding  gun.  jW- 

The  present  tube  status  now  lies  between  the  research 
and  the  development  phases.  Large  output  signals  of  about  0.1  voltt, 
for  a  reading  time  of  3  microseconds  haB  been  obtained.  Signal-to- 
noise  ratio  in  most  cases  is  excellent.  The  spacing  between  stored 
charges  is  good  but  should  bo  reduced  somewhat.  Changes  in  gun 
current,  the  dielectric  thickness,  and  the  secondary  emitting 
material  should  be  made  to  reduce  the  writing  time  from  the  pre¬ 
sent  SO  to  60  microseconds.  Better  independence  of  control  on 
stored  charges  is  desirable  and  technioues  seem  available  for 
achieving  independent  control. 

One  tube  has  recently  been  tested  which  would  store  12 
data  points  in  a  three-quarter  inch  diameter  circle.  Tests  on  tube 
life  and  the  life  of  secondary  emitting  surfaces  are  under  way, 
but  results  have  not  yet  been  obtained. 


Volume  9,  M-159,  summarizes  the  storage  tube  program  to 
date.  Memorandum  M-130  discusses  some  re  ults  obtained  on  one  oi 
the  first  complete  storage  tubes.  Better  operation  has  been  ob¬ 
tained  with  more  recent  models. 


In  R-110  is  the  storage  tubo  presentation  to  the  Harvard 
Computation  Symposium  in  Januar;/  1947.  The  objectives  outlined 
there  still  seem  reasonable.  The  use  of  low  energy  electrons  from 
a  holding  -un  was  discussed  and  this  feature  has  been  tested  in 
trial  tubes. 


Volume  9,  M-130,  shows  the  division  of  staff  time  in  the 
storage  tube  work.  Test  equipment  is  included  ir.  Volume  19.  Much 
time  has  been  devoted  to  uacuum  tuoe  techniques,  some  of  which  are 
discussed  inVolume  9,  M-159,  M-112,  and  M~46.  Some  studies  with 
an  electrolytic  plotting  tank  are  reported  in  Volume  9,  M-56  and 
R-130. 


M-143 
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\ 

The  study  of  aluminum  oxide  ae  a  dielectric  and  preparation 
of  satisfactory  surfaces  is  discussed  in  the  work  by  Macdonald,  Vol¬ 
ume  10,  R-131  and  R-128. 

Deflection  circuits  for  electrostatic  tubes  have  been  pro¬ 
ven  feasible.  Deflection  circuits  and  power  amplifiers  are  reported 
in  Volume  10,  £-32,  £-31,  SJo.4  R-120. 
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Project  Whirlwind 
Servomechanisms  Laboratory 
Massachusetts  Institute  of  Technology 
Cambridge,  Maaeachusetts 


) 


SUBJECT:  STORAGE  TUBE  SUMMARY 

i 

Ibt  Jay  Vi»  Forrester,  H0  Fahnestock,  Ro  Everett,  H.  Boyd, 

Storage  Tube  Group 

From*  Stephen  Dodd,  William  Nolan,  Patrick  Toutz 

Date*  November  10,  1947 


The  following  sections  of  this  memorandum  trace  the  course  of 
the  project  work  on  high-speed  high-capacity  internal  storage  through  the 
following  phases: 

11)  Initial  survey  and  new  ideas  0 

2)  Serial  digit -transmission  storage  tubes* 

3)  Parallel  digit-transmission  storage  tubes* 

4)  Test  equipment*  .  .  .  . 

5)  Tube  construction  technique  and  high  vacuum  investigations., 

I*  INITIAL  SURVEY: 

As  discussed  elsewhere,  the  more  common  forms  of  internal  storage 
were  discarded  as  not  meeting  Project  Whirlwind  requirements*  Vacuum  tube 
flip-flops  are  impossible  because  of  size  and  cost0  Mercury  delay  lines  and 
magnetic  drums  would  require  waiting  time  and  would  be  too  slow© 

Supersonic  mercury  delay-line  storage  is  now  being  used  by  3ome 
computer  projects*  The  delay  line  consists  of  a  column  of  mercupr  with 
crystal  transducers  at  either  end*  One  crystal  receives  an  electrical 
pulse  and  transmits  t  supersonic  pulse  which  travels  the  length  of  the 
mercury  column*  The  second  crystal  picks  up  this  puioo  and  reconverts  it 
to  an  electrical  pulse*  This  pulse  is  then  reshaped  and  reinserted  into 
the  first  crystal,  thus  allowing  a  stored  pulse  to  circulate  until  it  is 
necessary  for  the  computer  to  use  it*  Since  one  must  wait  until  the  pulse 
comes  tothe  end  of  mercury  delay  line  before  the  stored  pulse  can  be  used, 
this  results  in  a  large  amount  of  lost  time*  This  loot  J 

certain  extent,  be  avoided  by  using  long  and  short  delay  lines,  and  progm, 
mw  the  insertion  of  the  s  tored  number  so  that  it  will  be  available  at 
correct  time*  An  obvious  disadvantage  of  this  method  is  the  complicated 
program  and  tho  axtra  pitching  raquired.  With  maroniy  delay  1 10 

a  very  rigid  requirement  on  cleanliness,  since  any  dirt  collecting  between 
the  mercury  and  the  crystal  destroys  the  impedance  match  at  this  point*  Also, 
the  lines  must  be  temperature  controlled  within  close  limits* 
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A  jatpix  of  photo-tubes  was  investigated  as  a  conversion  device 
in  a  data  cr  program  storage  systeau  The  numbers  were  represented  b  a 
matrix  array  of  transparent  and  opaque  areas  on  a  lantern  slide  or  film 
which  could  bo  projected  by  an  optical  system  on  an  image  plane,  h  ^o- 
tubeo  were  placed  in  a  rectangular  array  with  their  cathode®  lying  in  this 
imago  plane o  Presence  of  light  on  a  particular  photo-tube  would  produce  a 
currant  which  could  bo  detected,  giving  a  video  signal  corresponding  to  ,  a 
the  pro e one o  of  a  binary  digit  at  a  particular  place  on  the  data  elide. 

The  use  of  various  commercial  photo-tubes  was  investigated  and  it  was  found 
that  tho  response  of  these  circuits  was  satisfactory.  Pulsed  light  sources 
to  give  short  high-intonsity  pulses  of  light  wore  alco  investigated  as 
projection  lights  for  those  photo-tube  matrices. 

Another  method  of  supplying  input  data  to  a  high  speed  digital 
computer  ia  to  place  a  perforated  opaque  card  across  the  face  of  o  cathode 
ray  tub©  provided  with  a  atilt  able  linear  scanning  circuit,  eo  that  as  the 
beam  swoops  over  a  row  of  holes  in  tho  card,  the  resulting  light  pulses 
may  be  picked  up  by  a  photo-tub©  and  converted  Into  a  train  of  electrical ^ 
pulses  with  the  same  distribution  in  time  ao  tho  distribution  on  a  line  of 
tho  original  perforation.  Such  a  device  has  boon  termed  a  “scope  reader" 
and  was  investigated  to  ascertain  come  of  its  capaoiUtloc  and  limits  lions. 

An  investigation  was  also  made  to  determine  tho  desirability  of  using  an 
lconoacooo  as  a  data  conversion  unit  in  place  of  tho  photo-tub©  matrix 
discussed  above.  The  results  of  this  investigation  are  given  in  tho  master  o 
thesis  written  by  IL  Essigman  entitled  "Photos onaitiva  Devices  as  Data 
Converters  for  Electronic  Digital  Computers", 

At  tho  time  that  different  storage  methods  were  being  considered, 
RCA  was  developing  an  electrostatic  storage  tuba  for  the  Evans  Signal 
Laboratory,  This  tube  was  based  upon  the  ort  hie  on-tube  type  of  operation 
with  magnetic  deflection  arid  focus.  The  storage  surface  was  limited  to  a 
one -inch  screen  else,  although  the  development  could  be  extended  to  utilize 
a  three-inch  tube,  Tho  RCA  storage  tubes  differed  in  characteristics  rather 
widely  from  one  tube  to  another,  and  required  at  least  five  sweeps  of  the 
electron  beam  to  establish  a  steady— state  storage  condition.  At  tho^timo 
considered,  the  tube  was  in  an  early  development  stage  and  not  s&tisi&cto? y 
for  use  in  our  computer, 

II.  SERIAL  STORAGE 

After  reviewing  the  whole  field,  it  was  apparent  that  there  wore 
no  suitable  storage  methods  available  commercially  or  under  development,  so 
it  seemed  necessary  for  us  to  develop  our  own  storage  system,  Tho  first 
digital  computer  considered  by  Project  Whirlwind  was  of  tho  serial  digiu 
transmission  type. 

Tho  computer  storage  requirement  was  somewhat  similar  to  tho 
(storage  problems  encountered  in  radar  MTI  vtorko  Tho  Radiation  Laboratory 
had  worked  with  an  electrostatic  storage  tube,  which  while  not  adequate  for 
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our  requirement,  showed  promise*  For  a  time  it  looked  as  though  m 
engineering  extension  of  the  Radiation  Laboratory  storage  t  .be  vtouLd 
solve  the  storage  problem  of  a  serial  computer®  The  Radiation  Laboratory 
storage  for  MTX  work  used,  the  surface  of  the  screen  of  a.  normal  live— inch 
cathode  ray  tube*  The  out3idc  of  the  tube  face  was  covered  with  a  hall- 
silvered  signal-plate  so  that  although  the  spots  that  were  charged  were 
visible  from  outside  the  tube,  the  tube  surface  wa3  covered  with  a  con¬ 
ducting  layer »  A  sweep  voltage  was  applied  to  the  horizontal  deflection 
pXates°and  the  beam  of  the  cathode  ray  tube  intensity  modulated  as  it 
swept  across  the  screen  to  store  a  charge  pattern  on  the  lino ®  A  low 
current  of  constant  intensity  could  then  be  swept  across  the  line  and 
tho  different  charges  established  by  the  vfriting  beam  would  be  discharged,. 

By  capacitive  coupling  to  the  external  signal  plate,  the  output  of  the 
tubo  was  read*  By  making  the  reading  beam  of  very  low  intensity,  it  was 
possible  to  read  tho  stored  data  several  times  before  erasure*  This  type 
of  storage  inherently  requires  aerial-typo  data  transmission*  Personnel 
who  had  worked  on  storage  tubes  at  tho  Radiation  Laboratory  lolt  that  it 
would  only  bo  necessary  to  develop  refinements  in  circuits  and  tes</  equip¬ 
ment  used  with  this  tube  to  obtain  the  results  required  by  the  computer 
application®  Therefore,  this  project  embarked  on  a  program  of  developing 
adequate  tost  equipment  and  circuits  to  investigate  tho  tube0  The  results 
of  these  teotB  wero  unsatisfactory.  Storage  as  had  boon  demonstrated  in 
Radiation  Laboratory  tests  wa3  observed®  However,  tho  stored  signals  ware 
comparable  to  tho  noloo  level  and  storage  phenomena  appeared  to  dopond 
only  on  second— order  effects  within  the  tube® 

HI.  STORAGE  FOR  A  COMPUTER  USING  PARALLEL  DIGIT  TRAKSMISSIjjN 

On  tho  basic  of  block  diagram  studies  mndo  during  the  period 
when  equipment  was  being  developed  for  testing  tho  serial-typo  data 
storage,  it  became  increasingly  desirable  from  a  apeed  aid  programming 
point  of  view  to  use  parallel  digit  transmission  for  the  WWI  and  WW2 
computers®  In  the  parallel  system,  it  is  desirable  to  otoro  only  a  single 
digit  of  any  given  number  on  each  tube®  Storage  would  depend  upon  control 
of  the  secondary  emission  from  a  surface  bombarded  by  an  electron  stream 
and  not  upon  the  second  order  effects  used  as  a  storage  phenomena  in  the 
serial  tube  previously  described® 

A  new  storage  tube  program  was  organized  in  October,  1946  to 
select  a  satisfactory  operating  principle  for  tho  tube  and  to  develop  this 
into  an  operating  system®  The  selected  plans  contemplated  storage  on  a 
dielectric  surface  in  front  of  which  was  a  perforated  grid  and  behind  whi 
was  a  signal  plate®  Operation  would  consist  of  raising  or  lowering  the 
signal  plate  voltage,  after  which  the  electron  beam  would  be  pulsed  to  bring 
tho  potential  of  a  particular  spot  on  the  dielectric  to  the  front  grid 
potential.  Tho  signal  plate  could  then  be  returned  to  its  neutral  position 
and  the  stored  signal  read  capacitlvely  from  the  charge  when  it  is  equalized 
by  a  second  application  of  the  electron  beam®  See  R-13.0  and  IWL^O  for  a 
more  complete  description  of  tho  operating  principle  selected  for  use® 
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This  program  required  tho  design#  construct  ion  ,  and  wC&tirg 
of  oxpor imental  storage  tubes e  Much  oi  tho  tost  equipment  isiiich  inns 
developed  for  use  with  tho  serial  typo  storage  tube  was  adequate  for 
uy©  with  this  tube*  Gno‘of  tho  first  major  problems  in  «h.is  program 
was  tho  procurement  of  tube  construction  facilities 0  After  investi¬ 
gation  of  the  tube  construction  field  it  was  decided  that  construction 
by  sub-contract  with  a  commercial  fim  would  be  unsatisfactory  because 
this  would  require  long  waiting  periods  and  construction  methods  not 
under  our  control*  Project  Whirlwind,  therefore,  set  out  to  build  its y 
own  tubes,  using  tube  construction  facilities  available  at  M.I.T. 


0 


/ 


In  th©  first  steps  of  tho  program  several  tubes  were  constructed 
to  study  the  basic  storage  phenomena e  Test  equipment  was  Improved  and  the 
most  important  and  difficult- of  the  problems  to  be  solved  ware  identified,, 
These  tube3  are  die  cussed  in  the  following  sections 0 


Mod  1  Tube 

An  isometric  dravdng  of  tho  Mod  1  tube  is  shown  in  Drawing 
B-30311.  The  construction  of  the  tube  in  similar  to  tbit  of  a  5 CPI 
cathode-ray  tube.  At  th®  largo  end  of  the  tube,  two  storage  assemblies 
and  a  "beam  catcher"  were  located  in  separate  glass  necks  sealed  into  tho 
face  of  the  tuba,.  Construction  of  the  storage  assemblies  are  shown  in 
Drawing  EH3Q310.  The  construction  of  eomo  parts  of  tho  tube  are  also 
shown  schematically  in  Drawings  A— 31014,  A -j 03 53  and  A~ 39147* 

Tko  types  of  storage  assom.b3.ios  were  used  in  this  tubo,  ono  in 
which  tho  signal  plain  was  a  nickel  plate  pressed  against  tho  back  of  tho 
mica  dielectric,  and  the  other  having  a  signal  plato  consisting  of  platinum 
paint  applied  to  th©  back  of  the  mica  dielectric.  Th®  dielectric  was  a 
mica  sheet  approximately  0,0033  inches  thick*  The  screen  was  15  rail  nickel 
sheet  perforated  with  thirteen  1/1 6-inch  diameter  holes  spaced  3/16~.ineh 
apart o  Tho  front  surface  of  this  screen  was  coatocl  with  willemito  to 
permit  focus  and  positioning  of  th©  beam* 

The  beam  current  of  this  tube,  when  measured  under  static  condi¬ 
tions,  was  found  to  be  much  lower  than  was  expected 0  When  operated  with  a 
low  duty  cycle,  th®  bean  current  curve  appeared  normal*  This  was  believed 
to  be  duo  to  cathode  poisoning,  a  belief  which  was  strengthened  by  evidence 
of  gas  in  the  tube*  Current  measurements  on  the  tube  arc  shown  in  Drawings 
A-38304  and  /H333Q3* 

Tho  tube  was  set  up  for  storing  and  reading  of  microsecond  pulses* 
A  block  diagram  of  the  test  equipment  is  shown  in  Drawing  £“39132,,  Using 
writing  gates  of  50  volt  amplitude  it  was  possible  to  store  and  read  onc- 
oicro second  pulses,  the  polarity  depending  on  the  polarit-y  the  writing 
gate  used*  Storage  for  times  up  to  10  minutes  was  found  possible  without 
appreciable  decrease  of  output  signal*, 
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It  mss  observed  that  repeated  storing  and  reading  at  one  spot 
on  the  dielectric  would  erase  signals  stored  at  adjacent  points 0 
Attempts  to  determine  the  magnitude  and  causes  of  this  effect  by  opera¬ 
tion  of  the  tube  with  screen  potentials  3uch  at*  would  tend  to  prevent 
the  scattering  of  secondary  electrons  were  not  entirely  scccosslu© 

Repeated  writing  at  one  point  with  one  microsecond  pulses  was  use<  .  during 
those  tests©  The  beam  was  then  deflected  to  an  adjacent  spoa  and  t«.c 
charge  measured  by  repeated  reading© 

Further  tests  with  short  pulses  were  then  droppod  and  attempts 
wore  made  to  charge  the  surface  with  a  single  long  pulse©  It  wa3  also 
decided  to  switch  the  signal  plate  instead  of  the  screen  3ince  switching 
the  screen  affected  the  deflection  fields  within  the  tube  and  required 
readjustment  of  the  deflection  voltages0  With  the  signal  plate  set  at 
one  potential©  2500  microsecond  pulses  of  beam  current  were  repeatedly 
applied  to  the  dielectric  until  no  output  signal  could  be  observe do  The 
signal  plate  potential  was  then  changed  by  50  volts,  (either  positive  or 
negative)  and  the  charging  current  to  the  dielectric  surface  measured© 

The  charging  currents  observed  (shown  in  Drawings  A— 31102  to 
A-31113)  were  of  such  magnitude  and  duration  as  would  be  necessary  to 
charge  the  entire  storage  surface «  The  charging  in  a  negative  direction 
mas  much  faster,  corresponding  initially  to  collection  of  the  entire  beam 
current  by  the  surface.  This  charging  was  complete  in  approximately  500 
microseconds.  Charging  in  a  positive  direction  was  relatively  slow, 
requiring  several  pulses  for  completion©  The  initial  charging  current 
was  only  about  15%  of  the  beam  current©  Charging  in  this  direction  repre¬ 
sents  a  lo3s  of  electrons  by  the  surface,  which  could  probably  take  place 
only  by  emission  of  secondary  electrons.  It  was  believed  that  scattering 
of  electrons  having  sufficiently  high  velocity  to  release  secondaries 
accounted  for  this.  Such  electrons  might  originate  from  the  point  of 
impact  of  the  beam  on  the  dielectric  or  from  the  edges  of  the  holes  in  the 

screen. 

These  tests  indicated  that  any  signal  stored  on  the  dielectric 
would  be  erased  by  scattered  electrons  aft*w  a  few  hundred  operations© 

To  determine  the  effect  of  greater  mechanical  spacing,  a  similar  sot  of 
•tests  were  performed  by  stabilising  on  one  storage  assembly,  writing  on 
the  other,  and  then  returning  to  the  first©  Although  this  increased 
spacing  decreased  the  rate  of  charging,  the  effect  was  still  present© 

The  problem  of  storage  with  this  typo  of  storage  assembly  is  complicated 
by  the  fact  that  scattering  of  a  very  small  fraction  of  the  beam  current 
will  effect  erasure  of  stored  signals© 

Mod  2  Tube 

The  envelope  for  the  Mod  2  tube  was  nonex  tubing  with  an  outside 
diameter  of  two  inches  and  a  wall  thickness  of  1/16  inch©  The  tube  mas 
thirteen  inches  long©  A  cylindrical  envelope  was  selected  because  it  is 
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the  simplest  type  of  envelop©  which  lends  itself  to  tuba  construction, 

Koneot  was  used  because  tungsten-glass  seals  could  be  made*  A  .  Cl  ol:-cui  m 
gun  W03  assembled  for  this  tube.  The  storage  assembly  consisted  of  a 
perforated  nickel-sheet  grid  with  thirteen  storage  holes  of  l/i6  dianeUr. 

The  dielectric  was  Ruby  African  mica  approximately  <>0Q3''  thick©  iue 
olato  was  an  evaporated  gold  plating  with  a  single  terminal  consis  W> 
nickel  rectangle  riveted  to  the  mica,  with  gold  washers  to  make  contact  wxth 
the  "old  plating©  This  storage  structure  is  quite  similar  to  the  storage 
structure  used  in  Mod  1  and  shown  on  drawing  £-30310.  The  electron  gun  and 
the  grid  structure  wore  mounted  on  10-pin  noncat  presses©  The  wall  coating 
for  tha  second  and  third  anode  was  Doosana  graphite  suspension  end  sodium 
silicate  (1%  by  weight ).  Water  was  added  to  give  the  proper  consistency,, 

A  5CP1  baso  and  connections  were  used  for  the  electron  gun  so  that  it  vai.^ 
fit  into  the  tost  equipment f  The  base  was  fastened  to  the  glat:s  with  pliccne 
cement o  Two  connections  were  made  through  the  storage  structure  press  to  the 
third  anode  coating  by  means  of  tungsten  cantilevers© 

Tha  performance  of  the  electron  gun  in  this  tube  was  identical  with 
that  of  a  regular  5CP1  cathode  ray  tube,  thus  showing  that  the  cylindrical 
type  of  envelope  could  be  used  with  this  gun©  The  guns  wore  not  entirely 
satisfactory,  however,  because  the  intensity  and  focus  of  the  j  C  gm  a 
Interdependent  ©  They  were,  however,  the  only  guns  immediately  available© 

Tests  on  tho  tube  indicated  that  there  was  no  electrical  connections  between 
the  signal  plate  and  its  load©  There  was  no  indication  in  tho  tests  thau  any 
signal  plate  was  present  in  tho  tube©  This  restricted  observations  of  the 
storage  phenomena  to  the  spot  closest  to  tho  signal  plate  load©  No  appreciable 
stored  signal  was  observed  in  any  other  spot©  The  evaporated  gold  signal 
plate  had  evidently  been  destroyed  during  the  baking -out  of  the  tube©  otorago 
at  tho  single  spot  available  Indicated  a  time  constant  of  decay  of  the  stored 
signal  of  approximately  two  seconds© 

Mod  3  Tube© 

This  tube  was  constructed  in  a  standard  5-inch  cathode  ray  tube 
envelope  with  three  necks  added  on  the  careen  end  of  the  tub©  to  hold  three 
separate  storage  assemblies©  These  storage  assemblies  were  each  different, 
but  were  put  in  the  same  envelope  for  comparison  purposes©  One  storage 
structure  was  the  same  as  those  used  in  Mod  1  and  was  used  to  check  the  Mod  1 
tube  operation  and  construction©  A  second  storage  assembly  was  the  same  as 
this  one  except,  that  mica  barriers  were  added  between  the  nickel  screen  and 
the  mica  dielectric  to  provide  isolation  between  tho  different  storage  spots© 
This  type  of  storage  assembly  is  shown  schematically  in  Drawing  A-jsxU.io© 

The  third  storage  assembly  was  constructed  with  a  wire  mesh  screen  instea  o.. 
the  nickel  plate©  .  This  screen  was  made  of  40-mesh  nickel  wire  and  was 
assembled  against  the  ©004  inch  thick  mica  dielectric©  A  silver  coating  a  > 
used  for  the  signal  plate 0 
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Preliminary  teat  a  on  the  Mod  3  tube  Indicated  that  tho  spbj* 
focus  was  very  poor  and  that  quantitative  storage  touts  were  Inpcoslble, 
since  tho  mount  of  beam  current  that  entered  the  hole  and  the  time 
distribution  of  charge  entering  the  hole  during  a  beam  current  pu  1m 
were  unknown,  Even  qualitative  teats  were  hard  to  interpret,  so  it  was 
decided  that  some  change  in  the  tube  would  bo  necessary ,  Tho  gun  3n  th. 
Mod  3  tube  was  changed  from  a  5CP  to  a  5  UP  and  the  new  tub©  labelled . 

Hod  3*o 
Mod  3 A  Tube 

Tests  on  this  tube  indicated  that  there  was  no  connection 
between  tho  third-anode  pin  and  the.  aqvadag  coating*  The  tube  was  there¬ 
fore  not  usable  and  further  tests  were  discontinued,, 


Mod  4  Tube 

A  Mod  4  tube  was  constructed  as  a  replacement  for  the  Blod  2  tu 
and  was  similar  in  all  respects  except  that  the  signal  plate  was  made  from 
silver  paint  applied  to  the  back  of  the  mica  dielectric,,  This  tube  was 
tested,  and  found  to  duplicate  tho  characteristics  observed  in  Mod  1, 

Mod  5  Tube 

The  design  of  previous  tubes  had  the  undesirable  feature  of 
allowing  stray  electrons  to  flow  to  the  unshielded  signal-  plate,  causing  . 
either  poaitivo  or  negative  signals  depending  on  tho  secondary  escape 
ratio  at  tho  signal  plate*  Thin  unwanted  signal  was  often  larger  than  the 
desired  signal.  The  Mod  5  tuba  was  designed  to  shield  tho  signal  plat© 
from  those  stray  electrons,  Tho  charging  current  to  the  raica  dielectric 
surface  and  tho  mica  resistivity  measurement  made  on  this  tuba  were  xacilx- 
tated  by  this  special  design.  The  storage  assembly  conaiatod  of  a  number  o, 
concentric  cylindrical  modes,  insulated  from  each  other  by  mica  barriers. 
An  assembly  of  the  electrodes  is  shown  in  Drawing  B-392.66*  Tnis  stoi  age 
structure  was  assembled  with  a  5CP  electron  gun  in  a  2-inch  diejeetw 
cylindrical  envelope,  Tho  tests  on  the  Mod  5  tube  showed  the  feasibility 
of  measuring  leakage  resistance  through  the  mica  dielectric  and  the  mica 
secondary  emission  ratic  The  results  of  those  tests  showed  a  resistivity 
of  about  lOn*  ohm-centimeter 3  and  a  maximum  secondary  emission  ratio  oi 
about  ioB  at  300  volts  accelerating  potential,  I  J 

Hod  6  Tube  . . "  \Y  * 

This  tub®  was  constructed  as  a  replacement  for  tho  Mod  3  tub©0 
Tho  three  storage  assemblies  were  of  the  same  construction  except  for  tho 
assembly  with  the  mica  barriers  between  holes.  In  this  assembly  the  mica 
barrier  was  replaced  by  a  pyrox  barrier.  Tests  on  this  tube  indicated  tha t 
the  operation  of  the  storage  assembly  of  the  type  used  in  hods  1,  2.  and 
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showed  little  deviation  from  the  operation  of  those  tubes 0  The  storage 
assembly  with  the  pyrox  varriers  indicated  an  isolation  between  spots 
which  was  batter  than  that  of  Mod  1  by  a  factor  of  approximately  two . 

Tho  storage  assembly  with  the  wire  mesh  screen  showed  characteristics 
intermediate  between  those  two  surfaces  as  far  as  isolation  oi  spots  was 
concerned. 

if 

Tho  operation  of  tubes  Mod  3.  through  6  indicated,  that  the  main 
difficulty  in  the  U3e  of  such  tubes  for  practical  storage  lies  in  the 
fact  that  repeated  operations  of  reading  and  writing  at  one  point  would 
eventually  discharge  or  erase  signals  at  surrounding  points. 

COMPLETE  STORAGE  TUBES; 

Test3  on  tho  previous  tubes  had  provided  sufficient  Information 
to  justify  constructing  a  complete  tube  with  holding  gun  supplying  low 
energy  electrons  as  mentioned  in  R-110 .  This  principle  is  the  same  as 
used  in  certain  German  storage  tubes  and  in  tho  RCA  Solectron,,  The  use 
of  an  auxiliary  gun,  acting  as  a  holding  gun,  to  supply  these  low  velocity 
electrons,  was  therefore  decided  upon.  The  principle  of  operation  of  tho 
holding  gun  is  described  on  page  2  of  Memorandum  14-130.  In  addition  to  a 
holding  gun,  isolation  of  stored  charges  from  secondary  redistribution  was 
desired. 

Mod  7  and  Mod  9  Tubes 

The  use  of  the  holding  gun  principle  required  storage  surfaces 
with  much  more  closely  control.led  secondary  emission  characteristics  than 
existed  in  previous  tubes.  Mod  7  and  9  tubes  were  constructed  not  as 
storage  tubes  but  to  measure)  the  secondary  emission  ratios  and  leakage 
resistance  characteristics  of  aluminum  oxide  and  beryllium,  respectively. 
It  should  be  realized  that  tho  aluminum  oxide  and  beryllium  are  not  pure 
but  f?/e  contaminated  by  air  and  other  materials .  The  signal  plate  and 
storage  dielectric  on  Mod  7  and  Mod  9  consists  of  an  aluminum  plate  1  3/S 
inches  in  diameter  and  1/4  inch  thick,  half  "hard,  23  aluminum,  and 
anodized  using  the  techniques  described  in  Report  R-128 ,>  Drawing  A-39367 
shews  the  construction  of  the  signal  p3.ate  for  Mod  12  which  is  a  tube  with 
a  storage  assembly  similar  to  those  of  Mods  7  and  9<>  Drawing  A ""313-97  is 
the  Mod  12  storage  assembly  which  is  substantially  the  same  as  that  used 
for  Mod  7  and  Mod  9« 

.■  <■)  /  ,  „ 

Measurements  of  the  secondary  emission  ratio  from  Mod  7  gave  a 

'a&ximu®  of  2.1  at  approximately  350  volts  accelerating  potential.  This 
ratio  decreased  to  approximately  1.3  at  2,000  volts.  The  first  crossover 
potential  was  approximately  90  volts.  There  was  reason  to  suspect  that 
this  surface  might  be  badly  contaminated  with  willemite  phosphor  so  that 
the  secondary  emission  curve  just  quoted  mould  not,  apply  to  pure  aluminum 
oxide o  The  secondary  emission  curve  for  the  beryllium  surface  in  Mod  9 
had  a  maximum  of  2.3  at  approximately  350  volts  and  a  secondary  emission 
ratio  of  1.5  at  2,000  volts.  The  first  crossover  of  this  curve  was  at 
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about  55  volts o  These  curves  were  not  entirely  reproducible  and  axperr i 
are  still  being  conducted  to  determine  a  method  of  obtaining  curves  which 
can  be  reproduced  from  day  to  day  so  that  life  tests  can  be  undertaken,,  t 
the  basis  of  an  observed  time  constant  of  decay  of  a  charge  stored  on  the 
dielectric  of  both  Mod  7  and  Mod  9,  and  on  the  basis  of  the  met hod _ of 
anodization  of  the  dielectric,  it  was  computed  that  the  volume  resistivity 
of  the  aluminum  oxide  wa3  approximately  3X10-U  ohm-c e nt in© tens.  Th" 
resistance  is  rather  low  but  as  yet  the  tests  are  not  genera.,  enough  to 
draw  definite  conclusions. 


Mod  8  Tube 

The  Mod  8  storage  tube  had  both  a  high  velocity  gun  and  a  holdin  ; 
irun  and  two  storage  assemblies,  one  storage  surface  being  plain  aluminum 
oxide  while  the  second  was  aluminum  oxide  coated  with  willemite.  Drawing 
A~31196  for  the  Mod  11  3torago  assembly  shows  how  both  of  the  Mod  8  storage 
assemblies  were  constructedo 

After  beihg  coaled  off,  this  tube  developed  gas  and  could  not  bo 
tested.  Hew  presses  and  electron  guns  were  sealed  into  the  tube  and  a  second 
attempt  made  to  pump  it.  This  new  tube,  designated  Mod  8A  also  developed  gas 
and  could  not  be  tested.  The  envelopes  used  for  these  tuoos  had  a  much 
greater  area  than  any  of  the  previous  tubes  and  also  a  largo  number  J*ad 
soal30  Both  these /factors  increase  the  possibility  of  pinholes  permitting 
air  to  leak  in.  Lack  of  pre-baking  of  the  coated  envelope  may  also  have 
contributed  to  the  difficulty. 

All  the  early  tubes  in  this  storage  tube  series  had  mica  dielectric 
surfaces.  These  were  satisfactory  from  a  dielectric  standpoint  but  wore  not  ^ 
effective  in  isolating  the  secondary  electrons  that  were  liberated  at  each  ox 
the  storage  points  from  erasing  adjacent  points.  The  results  of  tests  on 
Mod  6  indicated  that  an  improvement  wa3  possible  by  the  use  of  mechanical 
barriers.  A  storage  surface  having  a  fine  grain  structure  so  that  it  woo 
essentially  continuous  as  far  ao  the  beam  diameter  was  concerned  but  which  had 
this  mechanical  barrier  feature  was  desired.  To  produce  such  a  surface, 
aluminum  was  embossed  'with  an  embossing  die  so  that  the  surface  had  a  large 
number  of  small  recessed  pockets  separated  by  thin  dividing  walls,  ouch  a 
griddle  surface  was  then  anodized  to  form  an  aluminum  oxide  surface.  Much 
experimenting  was  done  to  obtain  a  method  of  anodizing  which  would  yield  good 
film  thickness,  resistivity,  dielectric  constant,  and  breakdown  strength. 

Mod  10  Tube 

The  Mod  10  tube  was  a  replacement  for  Med  8.  It  had  two  electron 
runs  and  one  storage  assembly,  using  a  griddlo-typo  aluminum  oxide  surface 
Ait h  a  coating  of  willemite.  on  this  tube  indicated  that  the  holding 

gun  operation  was  satisfactory .  Initially ,  the  reliability  was  excellent. 


'4  0 


I 


4C  b 


SS 

'4,r 


£) : 


6345 

Memorandum  M  -  159 


10. 


Reading  and  writing  at  one  point  had  no  effect  on  signals  stored  '  t . 
adjacent  points,  provided  writing  was  not  done  at  such  a  high  repetition 
rate  a3  to  overcome  the  holding  beam  action0  Tho  combination  of 
willemite  and  aluminum  oxido  had  a  high  first  crossover  potential,  thus 
requiring  switching  pulses  of  about  450  volts  for  writings  The  resolution 
in  this  tube  was  approximately  5  spots  per  incho  Tho  rri.ro  mesh  screen  in 
Mod  10  was  probably  in  contact  with  the  tops  of  tho  ridges  of  the  griddle- 
type  dielectric  surface.  From  tho  way  in  which  tho  helding  beam  illuminated 
this  surface  and  from  th<?  storage  characteristics  at  certain  points  on  the 
surface  it  appeared  desirable  to  move  the  screen  a  short  distance  away  from 
tho  storage  surface. 

Mod  I1A  Tifce 

Storage  tube  11A,  was  the  same  as  the  Mod  10  storage  tube  except 
that  the  screen  was  moved  about  15  tails  from  the  tops  of  the  ridges  of  the 
griddle  surface,  and  the  second  anodes  of  the  two  guns  wsro  not  connected. 

Tho  tests  which  were  made  on  this  tube  indicated  the  following! 

1.  Tho  operation  of  tho  second  anodes  of  the  two  gun3  at  widely 
differing  potentials  was  not  satisfactory. 

2.  Tho  operation  of  the  tube  was  very  sensitive  to  variations  of 
holding  baam  velocity  and  current  density, 

3.  Writing  time  and  resolution  were  about  tho  samo  as  Mod  10  tube. 
Mods  12  and  13  Tubes 

Tubes  Mod  12  and  Mod  13  wore  constructed  similar  to  Mods  7  and  9 
respectively.  These  tubes  are  to  bo  used  as  life-tost  tub03  to  determine  tho 
secondary  emission  ratio  of  tho  aluminum  oxide  and  beryllium  surfaces  as  a 
function  of  time.  This  life  tost  has  not  boon  started  at  present. 

Mod  14 A  Tube 

Storage  tube  Mod  14A  is  similar  to  storage  tube  Mod  11A  except  that 
it  has  a  flat  dielectric  of  aluminum  oxido  with  willemite  instead  of  tho 
griddle  surface,  This  assembly  is  shewn  in  Drawing  A-31198.  Tho  operation 
of  Mod  14A  was  approximately  tho  sane  aa  of  Mod  11A  showing  a  similar  opera™ 
tion  of  the  griddle  and  flat  surfaces . 

Mod  15  Tube 

Tube  Mod  15,  was  constructed  similar  to  storage  tube  Mod  14 A  except 
that  it  had  a  40  roesh  mosaic  of  beryllium  spots  on  aluminum  oxide  as  a  storage 
surface.  Tho  screen  is  lOO—mesh  nickel  wire  cloth.  This  assembly  i£>  shown  n 
Drawing  4-31199,,  Teats  on  Mod  15,  indicate  a  greater  stability  of  storage  than 
observed  in  any  of  tho  previous  tubes.  However,  there  seems  to  be  some  . 
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difficulty  in  changing  the  charge  frora  one  polarity  to  the  other#  This 
could  be  caused  by  too  large  spot 3  -of  beryllium  in  the  mosaic .  by 
secondary  emission  from  the  wire  mesh  screen,  or  by  a  difference  in  the 
first  crossover  of  tho  secondary  emission  curve  of  the  beryllium  and  of 
the  aluminum  oxide# 

The  storage  tube  output  waveforms  shown  in  Drawing  A-3H87 
aro  voltage  drops  across  2?00  ohm  resistors. 

Modsl6  to  20  Tubes 

Storage  tubes  Mods  16  thi-ough  20  have  been  designed  and  are  in 
tho  process  of  construction,,  These  tubes  are  described  on  pages  3  and  4 
of  Memorandum  M-121# 

IV.  TEST  EQUIPMENT 

Serial  Storage: 

The  te3t  equipment  for  the  serial  storage  investigation  required 
the  design  and  construction  of  several  high  performance  video  circuits. 

Power  supplies*  usually  a  simple  problem,  required  special  consideration 
so  that  tube  measurements  could  be  carried  out  vdth  a  minimum  of  extraneous 
influences#  The  video  circuits  required  consisted  of  gate  generators^ 
delayed  trigger  generators,  linear  sweep  generators  and  amplifiers,  ,  ' 

"capacity  cancelling"  amplifiers  as  pre-amplifiers  on  the  tube  outputs,, 
video  amplifiers  for  the  P-4  Synchroscopes,  intensity  (beam  current) 
controls  for  the  storage  tube,  and  a  number  of  incidental  circuits  used 
with  this  equipment#  The  power  supply  requirements  included  both  regulated 
low  and  high  voltage  supplies  of  various  types# 

1.  In  order  to  provide  voltage  pulses  to  various  elements  in  the 
tube,  a  standard  gate  and  delay  unit  was  developed,  (Drawing  B-39081), 

This  consists  of  a  conventional  single-shot  delay  multivibrator  preceded 
by  a  buffer  amplifier  to  prevent  reaction  on  the  trigger  source  and 
followed  by  a  buffer  amplifier  or  cathode  follower,  depending  on  the  use 
of  the  circuit.  A  switch  w;\3  provided  so  that  either  a  positive  gate 
from  the  plate  of  one  of  tha  multivibrator  tubes,  or  a  positive  trigger 
obtained  by  differentiating  the  trailing  edge  of  the  gate, was  available 
at  the  output#  In  this  way  a  single  type  of  unit  could  be  used  either  as 
a  gate  generator  or  as  a  delayed  trigger  generator#  The  gate  or  delay 
time  was  continuously  variable  from  4  to  3000  microseconds.  About  12  of 
those  circuits  have  been  built,  either  oipgly  or  in  pairs,  on  small  chassis. 

2.  A  linear  sweep  generator  and  amplifier  giving  a  swoop  length  of 
about  50  microseconds  was  built, (Drawing  0-39064).  This  consisted  of  a 
conventional  bootstrap  sweep  generator,  operative  only  when  a  gate  was  applied 
to  the  input  terminals#  Provision  was  made  for  using  a  gat©  of  either  polarity. 
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The  sweep  voltage  generated  "ras  applied  to  an  inverter  driving  the  grids 
of  the  push-pull  output  stage©  Direct  coupling  was  used  throughout  the 
amplifier  jind  sweep  generator,  making  the  entire  circuit  independent  of 
a  repetition  rate©  Considerable  care  wa3  taken  to  obtain  a  high  degree 
of  linearity— (better  than  1$)  in  the  output  circuits© 

3.  The  output  circuit  from  the  storage  tube  had  a  high  capacitance, 

which  in  conjunction  with  the  low  currents  available  for  reading  necessitated 
a  high  input  resistance  to  the  video  amplifier,,  In  order  to  obtain  satis¬ 
factory  reproduction  of  microsecond  pulses,  a  capacity  cancelling  amplifier 
was  constructed  along  the  lines  of  a  similar  circuit  developed  at  Radiation 
Laboratory.  One  of  the  several  circuits  developed  is  shown  in  Drawing 
B-31193©  This  is  a  2-stage  amplifier  with  negative  feedback  for  stabiliza¬ 
tion  and  positive  feedback  to  the  input  to  reduce  the  apparent  capacitance 
of  the  storage  tuba  signal  plate  at  that  point.  A  decrease  in  the  apparent 
input,  capacitance  by  a  factor  of  10  was  observed,, 

4©  A  video  amplifier  'Drawing  B-31194)  having  a  gain  of  about  40  db 

and  a  bandwidth  of  about  3  me  was  built  to  drive  the  P-4  synchroscope  used 
to  observe  the  output  signals  0 

5„  Reading  or  writing  was  done  by  varying  the  beam  current  in  the 

tubeo  Several  circuits  were  tried  in  an  effort  to  obtain  independent  control 
of  current  during  reading  and  writing  sweeps.  The  one  actually  used  is 
shown  in  Drawing  A-39051«  Another  circuit  developed  is  shown  in  Drawing 
B-39179. 

60  A  number  of  incidental  circuits  such  as  gate  inverters  and  mixers 

and  a  frequency  divider  to  provide  triggers  synchronized  with  the  clock 
pulses  used  for  writing  were  developed,,  Circuits  for  some  of  these  are 
shown  in  Drawings  A-39053,  B- -3 9054,  and  A-39050, 

7©  The  power  supply  system  originally  planned  included  regulated 

supplies  for  +300,  -300,  and  -405  volts  d.c©  for  operation  of  gate  generators, 
amplifiers,  and  other  low  voltage  equipment 0  These  voltages  were  supplied  by 
modified  Western  Electric  Type  CW20AAE  power  supplies.,  It  was  later  found 
that  +500  volts  was  needed  for  operation  of  some  equipment©  This  was  obtained 
from  a  Radiation  Lab©  P-1  porer  supply  acting  as  a  booster  on  the  +300  volt 
circuit ©  With  the  addition  of  a  +150  volt  circuit  regulated  by  a  VR  tube 
from  the  +300.  volt  line,  thin  system  has  proved  completely  satisfactory  to  the 
present  time© 

80  For  operation  of  electron  guns,  a  high  voltage  supply  was  necessary© 

A  regulated  2000  volt  supply  with  a  capacity  of  0©5  milllamperes  was  built  and 
used  during  tests  with  serial,  storage.,  Connected  to  the  high  voltage  (negative) 
terminal  of  this  supply  was  «  Variable  (150  to  300  volt)  regulated  supply 
having  a  capacity  of  about  6(  milliamperes .  This  was  used  to  supply  power  for 
bias  of  the  electron-gun  control  grid  and  for  operation  of  the  intensity  control 
circuits  0 
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9„  A  control  box  provided  independent  switching  of  both  the  high 

voltage  and  low  voltage  linos  and  of  the  heater  supply  and  110  volt  a,x, 
circuits  on  the  teat  benches,,  distribution  of  power  to  teat  equipment 
was  through  outlet  boxes  and  receptacles  along  the  teat  benches 0  Separate 
receptacles  were  used  for  the  high  voltage  and  low  voltage  system 

Parallel  Storage: 

The  change  from  serial  storage  to  parallel  storage  initially 
required  very  little  change  in  the  test  equipment,  but  as  the  problem 
became  clearer,  new  test  equipment  was  necessary,, 

10  Three  new  high  voltage  power  supplies  were  developed,,  These 

are  shewn  in  Drawings  C-39104,  D-31085,  and  D-31027.  These  have  much 
better  voltage  regulation  than  the  previous  units,  wider  range  of  output 
voltages  (500-2500  volts)  and  higher  current  ratings „  Ripple  voltage  is 
in  all  cases  less  than  0,1  volt*  Included  are  current  regulators  which 
prevent  severe  damage  to  equipment  in  case  of  insulation  breakdown  and 
reduce  the  danger  to  personnel* 

2*  Static  deflection  circuits  providing  several  preset  deflection 

voltages,  balanced  with  respect  to  ground,  were  built*  For  use  where  a 
deflection  circjuit  balanced  about  ground  was  not  suitable,  the  floating 
deflection  circuit  shown  in  Drawing  B™31195  was  developed.  The  deflection 
circuits  shown  hero  are  insulated  for  3000  volts* 

3«  A  number  of  adjustable  voltage  sources  of  low  impedance  were 

necessary  for  setting  the  potential  of  the  3rd  anode  and  storage  assembly 
electrodes*  A  cathode  follower  source  shown  in  Drawing  B-39187  was 
dav eloped  for  this  purpose* 

4o  Improvements  on  the  microsecond  pulse  generator  used  for  serial, 

storage  were  also  desirable ,  The  circuit  shown  in  Drawing  C-39087,  a 
modification  of  a  Radiation  Laboratory  design,  was  developed*  This  unit 
will  provide  positive  or  negative  pulses  of  50  volt  amplitude*  The  pulse 
length  is  variable  from  000;>  to  105  microseconds  and  the  rise  time  is  less 
than  0o02  micros econd0 

5*  A  trigger  generator  shown  in  Drawing  IK39184  was  developed*  Two 

preset  repetition  rates,  each  adjustable  from  1  to  1500  ppa  are  available 
from  this  unit0  The  repetition  rate  Is  checked  on  a  cathode  ray  tube  built 
into  the  unit*  Single  trigger-pulses  initiated  by  a  push  button  are  also 
available  in  these  unit3* 

6.  Several  of  the  first  storage  tubes  showed  poor  emission  and  a 

change  of  characteristics  with  use*'  For  investigating  this  change,  a  static 
test  setup  was  constructed.  This  permitted  life  tests  of  tubes,  with 
continuous  indication  of  all  electrode  currents*  Simultaneously,  a  portable 
test  circuit.  Drawing  B-39181,.  was  built  to  permit  similar  measurements  to 
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be  made  while  the  tube  was  being  pumped *  Included  in  this  portable 
unit  were  power  supplies  fcr  degassing  and  activation  of  the  cathode 
prior  to  sealing  off  the  tube. 

7.  The  measurement  of  charge  supplied  by  the  electron  beam  to 

various  electrodes  and  surfaces  within  the  tubes  required  an  amplifier 
with  very  high  input  resistance  and  low  capacitance*  To  meet  this 
requirement,  several  cathoce  followers  and  cathode-coupled  amplifiers 
were  developedc  The  circuit  for  one  of  these  is  shown  in  Drawing 
B-39180,  The  input  resistance  is  approximately  40  megohms *  A  circuit 
having  a  similar  input,  a  cathode-coupled  amplifier  with  a  gain  of 
about  10,  and  a  cathode  follower  output  was  also  developed,.  The  low 
signal  level  at  which  these  units  operate  necessitated  DC  power  for  the 
heaters*  The  power  supply  units  develooed  for  this  are  shown  in  Drawing 
A-39243o 


80  The  need  for  a  pulse  generator  to  cover  the  range  from  1  to 

10  microseconds  was  frequertly  felt  during  the  course  of  the  storage 
tube  studies*  Although  the  gate  and  delay  units  would  provide  pulse 
lengths  as  short  as  4  microseconds,  their  rise  time  was  in  many  cases 
not  short  enought*  Work  wes  done  spasmodically  on  a  1  to  10  microsecond 
pulse  generator  and  the  design  is  now  complete.  It  will  provide  100 
volt  pulses  of  either  polarity  variable  in  length  from  0*5  to  100  micro¬ 
seconds,,  The  rise  time  is  less  than  0o05  microsecond*  Great  care  has 
been  exercised  to  make  the  pulse  length  and  amplitude  independent  of 
p.r.f*  and  to  prevent  reaction  of  the  pulse  length  on  amplitude* 

9.  A  gate  aaplifier  to  provide  gates  of  approximately  400  volt 

amplitude  for  writing  signals  on  storage  surfaces  having  high  first 
crossover  potential  was  required.  An  amplifier  circuit  capable  of  this, 
and  with  a  rise  time  of  about  0*5  microsecond  is  shown  in  Drawing  C-3099&° 

10*  A  demonstration  unit  to  permit  a  simple  display  of  storage  tube 

operation  has  been  designed*  For  the  most  part,  this  is  merely  a  rearrange¬ 
ment  of  circuits  already  developed  for  testing*  The  control  unit  and 
switching  unit.  Drawings  C- 30940  and  D-30990,  include  some  new  circuits* 

The  equipment  will  be  built  into  two  5  ft*  cabinets  and  will  provide  push¬ 
button  operation  for  storage  or  reading,  with  indicator  lights  to  display 
each  signal  as  it  is  read  out0  Deflection  circuits  are  provided  to  permit 
the  selection  of  any  one  of  16  storage  points  in  a  4  x  4  array*  A  block 
diagram  of  these  circuits  is  shown  in  Drawing  B-30999o 

V*  TUBE  CONSTRUCTION  TECHNIQUES  AND  HIGH  VACUUM  INVESTIGATIONS 

Tube  Construction  Facilities: 

There  wore  tube  construction  facilities  at  M.I.T.  to  take  care  of 
the  needs  of  the  Research  Laboratories  for  Electronics  (RLE;  arrangements 
were  made  to 
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U36  those  facilities  when  not  needed  by  RLE,  As  the  tubes  were  con¬ 
structed  and  processed  it  became  evident  that  we  should  design  and  sot 
up  our  own  tube-making  facilities,  oven  though  we  were  able  to  construct 
tubes  much  faster  using  RLE  .facilities  than  we  could  have  obtained  them 
from  a  commercial  concern,  Home  of  the  difficulties  encountered  ware 
that  considerable  time  was  required  to  synchronize  our  tube  construction 
program  with  the  RLE  program,,  and  it  was  impossible  to  modify  their 
equipment  to  meet  our  specialized  needs  despite  their  excellent  coopera¬ 
tion,  It  was  also  desirable  to  examine  new  variables  more  quickly  and 
control  processes  more  carefully.  In  view  of  these  considerations  the 
decision  was  made  to  obtain  glass-working  and  vacuum  equipment. 

Although  this  equipment  was  difficult  to  procure,  a  glass 
lathe  and  an  RF  bomber  were  obtained  from  the  War  Assets  Administration, 
These  pieces  of  equipment  were  repaired  and  modified  to  meet  the  program,, 

A  spot-welder  was  obtained  and  modified  for  tube  work  and  glass -working 
facilities  were  set  up,  A  vacuum  system  was  designed  that  would  process 
lai^e  tubes  to  a  high  vacuum  and  could  be  modified  later  for  gas  data¬ 
storage  work  and  analysis  work  with  a  spectograph.  One  of  these  systems 
has  been  completed.  The  second  system  is  under  construction^  An  oven 
was  designed  for  annealing  0  «•  and  an  analyzer  was  designed  to  exhibit 

strains  in  glass 0  These  last  bwc  items  are  under  construction.  Finally 
a  chemistry  hood  and  bench  wee  set  up  for  general  chemical  work,  electro¬ 
lysis,  and  anodizing. 

Tube  Construction  Personnel: 

One  of  the  engineers  on  the  project  was  experienced  in  tube 
design  and  construction.  Initially,  he  designed  and  constructed  all  of 
the  experimental  pulsed  light  sources  used  in  the  data  converter  mentioned 
earlier  in  this  report.  In  collaboration  with  Professor  Nottingham,  who 
had  built  numerous  research  cathode  ray  tubes,  the  techniques  to  be  used 
in  constructing  and  processing  the  first  storage  tubes,  were  worked  out. 
Early  in  the  construction  program ^Dr,  Hilary  Moss  of  Electronic  Tubes, 

Ltd,  in  England,  visited  the  project.  As  one  of  the  foremost  authorities 
in  Englaiil  on  cathode  ray  tube  construction  and  electrostatic  electron  gun 
deeign,  he  was  able  to  give  valuable  assistance  in  the  form  of  both 
information  and  suggestions. 

Professor  Harris  was  consulted  on  evaporation  techniques  and 
gave  freely  of  hia  personnel  and  facilities.  Professor  Breckenridge  was 
consulted  on  the  subject  of  dielectrics.  Dr.  Eieenstein  gave  considerable 
assistance  on  the  subject  of  oxide-coated  cathodes  and  general  high  vacuum 
techniques ,  The  personnel  of  RLE’s  tube  construction  group  gave  valuable 
assistance  and  loaned  their  facilities  and  personnel  liberally. 
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The  objective  was  to  construct  these  tubes  under  carefully 
controlled  and  closely  observed  conditions  0  In  the  beginning  tho  lack 
of  trained  technician  help  in  this  field  hampered  the  work  to  a  considerable 
degree  since  it  required  a  great  deal  of  staff  time  to  train  techniciana0 
Although  this  reduced  the  amount  of  basic  research  which  might  have  been 
done,  this  training  improved  the  design  of  equipment  and  eventually  provided 
well  trained  personnel,,  Fortunately,  several  months  ago,  a  technician  who 
had  ten  years  of  tube  experience  and  considerable  glass-working  ability  was 
obtained*  Another  engineer  with  considerable  experience  vdth  high  vacuum 
systems  also  joined  the  staff,  forming  the  nucleous  for  a  very  capable  tube 
construction  group,,  Another  highly  qualified  technician  has  been  trained  to 
fabricate  tube  parts  with  the  requisite  care  and  skill,.  As  mentioned  in 
M-130  "With  available  equipment  and  personnel,  tubes  of  any  type  required 
for  testing  can  be  constructed  in  a  fen  days,,  The  rate  of  advancement  is  ✓ 
set  by  procurement  and  analysis  of  data,  not  by  tube  construction" 0 

Procurement  of  Components  for  Tube  Construction: 

Earlier  storage  tubes  were  fabricated  with  material  from  the  stock 
room  of  M.I.T*  and  the  American  Television  Laboratory  Vacuum  Tube  Research 
Group*  Now  we  have  procured  our  own  stock  of  components  and  have  supplies 
for  most  foreseeable  needs,  although  special  fabrication  of  nonex  and  pyrex 
is  dependent  on  the  Coming  Company  as  the  sole  supplier,, 

a*  Electron  Guns 

At  first,  we  constructed  the  electron  guns  with  the  help  of  A.T.L, 
facilities  to  get  the  prograa  started,,  These  were  patterned  after  the  5CP 
type  of  gun  because  those  components  were  most  readily  available*  However, 
the  focus  and  intensity  controls  were  not  independent c  Therefore  a  supply 
of  5UP  or  type  5CP-A  electron  guns  was  obtained  from  RCA.  These  guns  have 
an  accelerating  grid  between  the  control  grid  and  first  anode,  and  were 
designed  for  finer  focus  and  higher  beam  current  than  the  5CP  guns*  Six 
electron  guns  were  also  purclmsod  from  L*  Crosser  in  England,  upon  the 
recommendation  of  Dr„  Mo3s*  These  guns  are  designed  for  very  high  intensity, 
fine  focus  and  low  reflection  of  high  velocity  electrons  from  the  gun  ii^lf* 
The  British  gun  was  designed  to  minimize  the  production  of  the  secondary 
electrons  frcm  the  gun  itself,  as  is  characteristic  in  the  5CP  guns*  Tests 
will  be  made  on  these  guns  in  the  near  future* 

The  design  of  the  5UP  gun  was  modified  to  meet  the  requirements 
for  a  holding  gun*  The  deflection  plates  were  set  farther  apart  and 
several  apertures  were  enlarged  to  permit  high  beam  current  at  low  accelera¬ 
ting  voltages o 

In  cooperation  with  the  RLE  group,  we  experimented  with  our  own 
oxide  coated  cathodes  but  found  RCA '  s  cathodes  adequate  for  the  present 
electron  gun  design0  The  group  realizes  that  the  design  of  a  gun  to  meet 
the  specialised  needs  of  the  program  is  desirable*  Since  the  5UP  guns  meet 
our  present  research  needs,  the  problem  of  gun  design  has  been  postponed  for 
the  moment* 
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bo  Glass 

Procurement  of  blo*m  bulbs  was  impossible  for  our  T‘ecdJ"  . 

It  was  necessary  to  take  standard  glass  components  and  rework  too*.  With 
the  help  of  So  W.  Ryan  of  Ryan,  Velluto,  and  Anderson,  some  sat *«**£*£ 
bulbs  were  prepared0  Conventional  nonex  blown  bulbs,  “J* /?*  ^t^Cti  g 
five-inch  cathode  ray  tubes  were  used,  To  these  were  added  lengths 
50  mm  nonex  tubing  as  necks  on  the  face  of  the tube.  (See  iaometric 
B-30311,)  The  stems  were  nonex  glass  sealed  directly  to  the  necks.  This 
reauired  the  use  of  a  glass  lathe  arid  careful  annealing  after  assembly, 

a  hi«h  order  of  skill.  The  technicians  are  gradually  taking  over  this 
phase  of  the  activities,  originally  carried  on  by  an  engineer.  Conferences 
with  the  Corning  Company  to  clarify  procurement  of  blown  bulbs  to  tne 
required  specifications  are  progressing. 

Meanwhile,  wo  have  been  able  to  obtain  a  supply  of  conventional 
5-inch  cathode  ray  tube  pyrnx  bulbs.  These  can  be  reworked  to  new  designs 
with  the  addition  of  nonex  stems  because  of  the  largenumberofmotal-to- 
glass  seals.  This  requires  the  use  of  graded  seals  from  the  pyrex  to  the 
nonex.  Uranium  glass  is  used  for  the  graded  ssal0 

Tube  Construction  and  High  Vacuum  Techniques: 

a.  Fabrication  of  Metal  Parts 

The  requisite  supplies  and  technicians  help  for  fabrication  of 
the  metal  parts  is  available.  Constant  effort  is  being  made  to  construct 
ncr.  effective  assemblies,  Representatives  of  Callite  Tunssten  have  been 
SJ  helpful  with  thia  work.  Dr.  U  M.  DeWaU  of  M.I.T.'s  Metal  Prooeaaing 
Laboratories  has  also  given  some  assistance, 

b.  Coatings 

Considerable  effort  was  expended  in  finding  the  best  typo  of 
coating  to  use  on  the  glass  envelopes,  and  satisfactory  methods  off /PPlica” 
tion.  It  was  desired  to  produce  a  good  conducting  coating  having  a  low 
secondary  emission  ratio  which  would  process  well  under  a  vacuum  and  dur  g 
baking,  Numerous  concerns  tad  groups  wore  consulted  on  this  subject, 
/Qthough  we  now  have  processes  satisfactory  for  our  present  needs,  this 
phase  of  our  work  is  still  active.  The  procedure  now  used  is  described 

below. 

The  envelopes  arc  coated  inside  with  a  suspension  of  aquadag 
containing  a  small  amount  of  sodium  silicate.  Thin  coating  *3  applied 
with  a  brush  a3  the  envelope  rotates  in  a  glass  lathe.  The  coating  is 
air  dried  for  several  hours*  then  baked  with  a  heating  lamp0  Finally 
is  baked  in  an  oven  for  several  hours  at  450  C  v&sh  air  circulating 

through  it. 
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Methods  of  making  connections  to  thin  conducting  films  on 
dielectrics,  and  the  production  of  these  films  were  extensively  studied,, 

Coating  of  phosphors  on  dielectric  surfaces  was  performed  by 
precipitation,,  This  method  has  been  developed  to  give  a  uniform  coating 
of  any  desired  thickness,, 

The  coating  of  phosphors  on  metal  parts  is  done  by  sprayings 
The  metal  parts  are  covered  with  a  light  "tacky"  binder  and  then  sprayed 
with  the  phosphor0  Excess  phosphor  is  blown  off  the  metal0 

Considerable  attention  has  been  given  to  production  of  suitable 
dielectrics  for  storage  surfaces  by  spraying  coatings  of  the  dielectric, 
by  precipitation  of  the  dielectric,  by  anodizing  to  fom  the  dielectric, 
and  by  evaporations 

Co  Evaporation 

In  the  earlier  pluses  of  ovr  work  we  used  the  evaporation 
facilitiee  and  techniques  of  Professor  HarriBs  Later,  similar  facilities 
were  set  up.  These  facilit  ies  were  never  pumped  below  a  pressure  of  about 
one  micron  and  the  material  to  be  evaporated  was  heated  in  a  helix  of 
tungsten  wire,,  This  method  had  certain  disadvantages  0  Some  materials 
melted  before  they  evaporated  and  kept  falling  out  of  the  coils  Many 
materials  dissolved  the  coi'U  It  was  finally  decided  to  do  all  the 
evaporation  in  a  very  high  vacuums  We  were  also  interested  in  producing 
mosaic  surfaces  by  masking  the  surface  with  a  wire  mesh  and  evaporating 
the  mosaic  material  through  it0  Very  clean  surfaces  were  desired  and 
impurities  from  the  material  to  be  evaporated  must  be  driven  out0  Our 
final  evaporation  procedure  is  to  prepare  a  small  metal  cup  and  mount  it 
on  a  stpm0  This  stem  is  thnn  sealed  in  one  end  of  a  tube0  The  choice  of 
the  metal  for  the  cup  depends  on  the  material  to  be  evaporated;  e„  g„ 
Tantalum  is  satisfactory  for  evaporating  berylliums  Since  the  targets 
were  email,  one  cip  was  sufficients  The  target  is  sealed  in  the  other 
end  of  the  tvfce0  This  tube  is  put  on  a  high  vacuum  systems  The  metal 

cup  is  heated  by  means  of  a  RF  Bomber,,  This  system  has  numerous 

advantages  over  the  filament  type  of  heating  in  our  experience,, ' 

The  target  is  cleaned  by  a  glow  dis  charge 0  Gas  in  the  tube 
can  then  be  ionized  by  the  fJP  Bomber  if  the  pressure  is  about  one  microns 
After  the  target  is  cleaned  with  a  glow  discharge,  the  tub®  is  baked  at 

about  450°Co  and  allowed  to  cools  Then  the  cup  3s  heated  slowly  with  the 

bomber  to  drive  all  gas  out  of  it  and  out  of  the  material  to  be  evaporated* 
Finally,  the  cup  ie  heated  v’ith  the  bomber  until  the  material  evaporates 0 
It  was  found  that  several  thin  films  thrown  on  the  target  at  intervals 
of  several  minutes  will  not  creep  under  a  mask  as  will  one  heavy  layer 
thrown  on  at  one  time* 

Helium  can  be  introduced  into  the  system  and  cleaning  of  surfaces 
done  by  a  glow  discharge,,  Further  research  is  planned  to  develop  the 
possibilities  of  this  technique* 
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do  Cleaning  of  Matal  Parts 

All  metal  parte  are  thoroughly  cleaned  and  handled  only  with 
gloves  or  tongSo  Many  of  the  metal  parts  are  then  heated  in  hydrogen 
to  remove  surface  contamination  and  displaco  other  gassos  absorbed  or 
adsorbed  by  the  metal©  This  hydrogen  comes  off  readily  when  the  parts 
are  subsequently  heated  in  a  vacuum  with  the  RF  Bomber©  All  components 
under  construction  are  stored  in  a  desiccator  when  not  actually  being 
worked  onj  The  utmost  cleanliness  must  be  maintained  in  the  laboratory 
at  all  times o 

0O  Processing  of  the  Tube 

It  is  common  experience  in  the  tube  construction  industry  that 
to  obtain  satisfactory  emission  from  an  oxide-coated  cathode  the  out- 
gassing  of  the  bulb  and  various  parts  inside  it  must  be  carried  out  in 
a  special  order  and  the  correct  pumping  procedure  has  to  be  found  for 
each  typo  of  tube  by  a  separate  series  of  experiments 0  Apparently, 
during  out gassing,  various  factors  are  in  operation,  which  afterwards 
influence  the  emission  produced  by  the  cathode<>  Different  workers  often 
arrive  at  different  procedures  which  give  the  same  apparent  results© 

However,  when  components  are  changed  for  each  tube  and  different  materials 
are  used,  it  is  necessary  to  fix  upon  a  procedure  which  will  produce  good 
average  results 0  Later,  when  the  design  of  the  tube  has  been  fixed  we  will 
conduct  a  series  of  experiments  to  determine  the  best  activation  procedure© 

After  consultation  with  Professor  Nottingham  arid  Dr©  Hilary  Moss, 
and  drawing  on  the  experience  of  our  own  staff,  we  have  arrived  at  the 
following  activation  and  exhaust  schedule:  The  tube  is  sealed  to  the 
vacuum  system  as  soon  as  possible  after  assembly©  This  reduces  the  effect 
of  harmful  water  vapor  which  collects  in  the  bulb  while  being  assembled© 
This  also  permits  tne  glass  to  be  heated  soon  after  being  worked,  thus 
reducing  the  possibility  of  breakage  from  dangerous  strains© 

The  exhaust  tubulntion  is  at  the  storage  assembly  end  of  the 
tube  so  that  the  cathodes  w:.ll  not  be  contaminated  by  gases  given  off 
while  baking  and  during  activation©  After  pumping  has  started  the  tube 
is  baked  at  450°C©  for  two  hours©  The  metal  parts  are  then  brought  to  a 
dull  red  heat  with  the  RF  Bomber  and  then  allowed  to  cool©  This  heating 
cycle  is  repeated  until  no  appreciable  amount  of  gas  is  driven  off  ©  The 
cathode  is  degassed  by  operating  the  heater  at  3  volts  (normal  voltage  6©3) 
for  five  minutes  and  then  increasing  it  to  12  volts  in  one-volt  steps, 
allowing  two-minute  intervale  at  each  voltage©  The  voltage  is  then  reduced 
to  7  volts  in  one-volt  stept  lasting  ono  minute  each0  After  being  held  at 
7  volts  for  five  minutes  the  voltage  is  slowly  reduced  to  zero  over  a  two- 
minute  period© 
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After  outgassing  t-hs  cathode,  the  oven  is  brought  up  to  45G"C 
and  allowed  to  cool  to  150°0.  Then  liquid  nitrogen  ie  put  in  the  freeze- 
out  trap.  Again  all  metal  parte  are  bombed  to  remove  gas0  Tho  heater 
voltages  used  in  outgassing  are  then  applied  with  the  same  schedule 
except  that  when  six  volte  5js  reached  a  positive  grid  voltage  of  four 
and  one-half  volts  with  respect  to  cathode  ie  applied  for  the  remainder 
of  the  activationc  After  activation*  the  cathode  and  first  grid  are 
held  at  ground  potential  and  an  accelerating  potential  of  250  volts  is 
applied  to  the  second  grid0  The  heaters  are  operated  at  seven  and  a 
half  volts  until  the  omission  current  stabilizes „  This  ageing  process 
may  take  as  little  as  five  ndnutes  or  as  much  as  a  day0  The  tube  is 
operated  at  normal  voltages  to  test  beam  current  and  focus*  and  is  then 
ready  to  be  sealed  off0  The  exhaust  requirements  for  the  storage  tube 
are  severe.  We  have  tried  to  keep  the  final  seal-off  pressure  below 
5xlO“7mn  0f  mercury.  After  seal-off  the  tube  is  based  with  14  pin  bases 
which  fit  the  test  equipment. 
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VI.  BASIC  RESEARCH 

Many  of  the  problems  arising  in  tbs  design,  construction,  and 
testing  of  storage  tubes  have  necessitated  basic  research  in  chemistry 
and  physic s0  To  obtain  a  dielectric  surface  satisfactory  for  the  storage 
tube  work,  an  extensive  prog, ran  of  study  of  aluminum  oxide  was  under¬ 
taken*  The  results  of  this'  study  are  given  in  Reports  R-128  and  R-131o 
Many  of  these  investigations  required  the  construction  of  special  tubes 
for  measurement  of  leakage  resistance  under  high  vacuum  conditions. 

Since  the  secondary  electron  redistribution  problem  was  very 
difficult  to  solve,  it  seemed  necessary  to  get  maps  of  the  electric  field 
around  the  storage  tube  electrodes*  To  this*  end,  an  electrolytic  tank, 
described  in  Memorandum  K-56  and  Report  R-130,  was  constructed*  Different 
electrode  configurations  were  simulated  and  the  potential  field  about 
those  electrodes  was  mapped,  The  results,  among  other  things,  shaved  the 
feasibility  of  controlling  the  field  at  the  bottom  of  the  pockets  of  the 
griddle-type  surface* 

Careful  search  is  being  conducted  to  investigate  all  possible 
materials  that  might  have  satisfactory  characteristics  as  a  storage 
surface  in  our  particular  type  of  operation*  Technique  for  producing 
these  surfaces  are  simultaneously  being  investigated* 

Much  of  the  data  on  secondary  emission  from  conductors  and 
insulators  is  contained  in  foreign  fceclinical  articles*  A  translation  of 
the  article  "Secondary  Emission  of  Solid  Bodies"  by  Rc  Kollath,  was 
made  from  Physikalische  Zeiischrift,  1937,  Pp*  202»224o  This  article 
gives  a  detailed  discussion  of  the  energy  distribution  of  the  secondary 
electrons'*  the  angular  distribution  of  secondary  electrons,  secondary 
emission  in  general  'and  secondary  omission  from  insulators ,  action  of  the 
high  velocity  primary  electrons  ,  theoretical  formulation  of  the  process 
of  release  of  secondary  electrons,  the  industrial  significance  of  the 
secondary  electron,  and  a  rather  complete  bibliography*  Curves  of  the 
secondary  emission  of  a  large  number  of  materials  with  a  discussion  of 
each  are  included* 

An  article  by  R*  V'arneeke  entitled,  "Secondary  Emission  of 
Pure  Metals",  was  translated  from  Le  Journal  de  Physique  et  lo  Radium, 
1936,  volume  7,  series  7,  pp*  270-280*  In  this  article  the  author  gives 
the  secondary  emission  characteristics  of  different  metals  between  0  and 
1,500  volts  primary  accelerating  potential*  By  comparison  he  deduced 
some  considerations  of  the  mechanism  which  seems  principally  to  govern 
the  phenomenon*  Data  for  the  secondary  emission  of  different  materials 
are  included  as  tabular  results* 
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An  article  entitled  "A  Method  of  Direct  Measurement  of 
Secondary  Electron  Emission  from  Insulators'1  by  W0  Heimann  and 
Ko  Geyer  was  translated  from  Elektrische  Kachrichten  Technik  17, 

1940,  pp  l-5„  This  article  discusses  the  technique  of  measuring 
secondary  electron  emission  from  insulators  by  stabilizing  the 
electric  potential  at  the  second  crossover  and  switching  the  accelera¬ 
ting  potential  so  that  a  transient  measurement  of  the  emission  could 
be  obtained,,  “The  Theory  of  Secondary  Electron  Emission  from  Metals" 
by  Herbert  Frohllch  was  translated  from  Annalen  der  Physik,  April, 

1932,  Vol  13,  pp  229-248o  This  article  treats  theoretically  the 
phenomenon  that  the  secondary  electron  emission  velocity  is  to  a  large 
orient  independent  of  the  primary  electron  velocity 0  "Hew  Investigations 
on  the  Electrolytic  Valve  Effect"  by  A.  Guntherschulze  and  H„  Betz  was 
translated  in  two  parts  from  Zeitschrift  fur  Physik,  vol  37,  1931, 
pp  580-585  and  pp  726-734.  Part  2  of  this  article  discusses  the  coddo 
layer  of  Sb,  Bu,  W,  Zr,  Al,  Zn,  and  Mg„  This  part  of  the  article  deals 
with  the  formation  of  an  insulating  surface  layer  on  a  metal  in  a  weak 
electrolyte,.  Part  3  of  this  article  is  entitled  "The  Dielectric  Constant 
of  the  AI2O3  Boundary  Layer"  and  discusses  the  testing  of  an  aluminum 
oxide  layer  formed  by  methods  outlined  in  part  20 

An  article  entitled  "The  Motion  of  the  Ionic  Lattice  of 
Insulators  in  Extreme  Electric  Field  Intensities"  by  A«  Guntherschulze 
end  H„  Betz  was  translated  from  Zeitschrift  fur  Physik,  volo  92,  1934, 
pp  367-374o  This  article  discussed  the  subject  of  the  relationship 
between  lattice  conduction  velocity  and  electric  field  intensity  in 
freshly  formsd  layers  of  aluminum  and  tantalum  oxide  „  "Electro lytically 
Produced  Oxide  Protective  Layers  on  Aluminum"  by  H„  Rohrig  was  translated 
from  Zeitschrift  fur  Elektrochemiey  volo  37,  1931,  pp  721-724o  This  is  a 
survey  of  the  methods  of  formation  of  aluminum  oxide  by  various  investi¬ 
gators  o  "On  the  Dielectric  Constant  of  an  Oxide,  Hydroxide,  and  Qxihydrate" 
by  Oscar  Glemser  was  translated  from  Zeitschrift  fur  Elektrochemie",  vol® 

45,  1939,  pp  865-870.  Measurements  were  made  on  aluminum,  beryllium, 
magnesium,  zinc,  and  iron  compounds®  The  results  of  these  measurements 
were  analyzed  in  the  articlao 

From  studies  of  these  published  data  it  was  found  that  the 
secondary  emission  characteristics  of  the  same  material  varied  widely 
depending  upon  the  investigator,,  This  variation  in  the  literature 
indicated  the  necessity  of  measuring  the  secondary  emission  characteristics 
of  storage  surfaces  under  conditions  similar  to  those  which  would  eventu¬ 
ally  be  encountered  in  the  storage  tubes®  To  meet  this  requirement  a  thesis 
was  begun  to  study  the  secondary  emission  life  on  several  of  the  more  promis¬ 
ing  looking  materials o 

HKhile  work  on  electrostatic  storage,  which  is  surface  storage  was 
progressing  it  was  decided  to  investigate  the  possibilities  of  volume 
storage®  This  is  discussed  in  M-70„  A  thesis  was  started  to  investigate 
the  possibility  of  using  glow  discharges  which  might  permit  three-dimensional 
storage  arrays  to  be  compactly  spaced® 
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VII „  CIRCUIT  ASSOCIATED  WITH  THE  STORAGE  TUBE  ,JK  THE  COMPUTER.. 

During  computer  operation,  it  will  bo  necessary  to  switch  some 
of  the  storage  tube  electrodes  over  a  range  of  voltages  of  appi  aximately 
IDO  voltSo  The  capacitively  coupled  transients  from  tliese  switchings 
must  bo  suppressed  at  the  output  so  that  they  will  not  actuate  tho  output 
fliD-floOo  To  do  this  it  will  be  necessary  to  develop  a  clamping  circuit 
The  preliminary  work  done  on  this  circuit  shows  that  it  may  invox  re  qui  o 
a  long  development  program.  It  is  plann'ed  at  the  present  time  that  this 
development  program  will  form  the  basis  for  an  Electrical  Engin  :®  inS 
Master's  Thesis « 
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This  memorandum  Is  in  response  to  a  request  for  information  on  the 
present  status  of  Project  VHrlwind  Storage  Tube  research. 


Storage  Tube  Pjoograi  < 

The  H<»  I  do  store, so  tube  work  is  organized  to  produce  a  data  storago 
system  for  the  Whirlwind  Computers.  The  Whirlwind  Computers  are  to  be  of  the 
parallel  data  transmiesion  type  and  the  storage  must  read  and  record  all  digits  or 
a  number  simultaneously.  ihs  Whirlwind  I  computer  will  require  operating  storage  yj 
about  November,,  194$  and  a  borage  tube  and  circuit  research  are  geared  to  this  schedule 


A  brief  explanation  of  the  tuba  will  be  given  referring  to  Figure  1  which 
show®  an  elementary  electrode  arrangemont.  Deflection  plates  position  the  oioctron 
>enmt  prior  to  lte  being  turned  on,  to  tho  point  on  the  dielectric  cvrfaea  at  will  eh 
writing  or  reading  le  to  tike  place.  Tho  digitc  1  and  0  are  written  as  positively 
and  negatively  charged  arena  on  the  dielectric  eurfaco  at  the  point  of  beam  impact. 
The  dielectric  surface  muev  have  a  eecondary  emission  ratio  greater  than  uni.y  la 
ratio  of  two  or  more  is  desired).  To  write  the  digit  1  the  signal  grid  is  raau® 
positive  to  collect  secondary  electrons  from  the  dielectric  resulting  in  a  positive 
surface.  Positive  changing  is  accomplished  by  collecting  tho  excess  electrons  above 
tho  number  in  the  high  velocity  beam.  To  write  the  digit  0B  the  eignal  grid  Is 
mad©  negative e  no  electrons  are  collected,  and  tho  surface  changer  negatively  at  the 
rat©  permitted  by  current  flow  in  tha  primary  beam.  Secondary  ©mission  in  not  a 
necessary  factor  in  negative  charging. 


Sending  signal©  is  accomplished  by  positioning  the  signal  grid  voltage 
midway  between  the  two  writing  voltages  and  charging  th©  dielectric  positively  oi 
negatively  toward  this  voltage.  The  output  signal  appears  at  the  signal  plate  by 
capacitive  coupling  through  tha  dielectric. 


Permanence  of  the  atored  signal  is  inaured  by  the  regenerative  action  of 
a  flood  of  low  energy  electrons  operating  on  a  principle  which  was,  I  undoratand, 
u=S  °o«  SmStUm  «nd  U  «pl°y4  1=  U»  Solectron  tut.  end  In  th,  SSL 
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storage  tube,  Flgu.ro  2  shove  hov  the  self-sustaining  effect  1b  attained  from  the 
holding  gun.  A  positive  area  and  a  negative  area  ar©  shown  on  th©  dielectric.  The 
holding  gun  1®  at  about  the  same  potential  as  the  negative  areas  and  the  signal  grid 
la  at  about  th®  potential  of  the  positive  areas?  Consider  the  positive  area* 
secondary  electron*)  nr©  emitted  and  a  number  just  equal  to  thoee  in  tho  primary  betas 
are  collected  by  the  signal  grid,  other  secondary  electrons  return  to  the  dielectric 
surface.  If  the  Burface  should  tend  to  become  more  positive*  additional  secondaries 
are  pulled  back  to  reduce  the  positive  charge  while*  if  the  surface  should  tend  to 
become  leae  positive,  more  secondaries  will  be  repelled  to  the  signal  grid  to  return 
the  dielectric  to  Its  original  point  of  stability.  Considering  the  negative  areas 
the  area  is  approximately  at  holding  gun  potential  and  primary  elect rone,  if  they 
strike  at  all,  will  have  low  velocities  and  will  emit  few  secondary  electrons.  If 
the  surface  becomes  more  negative,  all  primary  electrons  will  be  reflected  and  ohmic 
leakage  will  reduce  the  charge  to  the  balance  point  while,  if  the  surface  become© 
lees  negative,  electron*  from  the  primary  beam  will  bo  collected  to  return  th® 
surface  to  the  stable  negative  potential, 

Hosult©  of  research  to  data  are  compared  with  objectives  of  tho  program 
in  Figure  3.  Figures  are  based  on  basic  research  results  and  teste  on  on©  complete 
tube  of  email  el2e  which  was  constructed  several  weeks  ago. 

1.  Feasibility  of  using  tho  tubes  in  banks  for  parallel  storage  ie 
shown  by  present  results. 

2.  Signal  levels  obtainable  from  the  present  tube  are  more  than  adequate. 
Some  of  tho  present  signal  magnitude  can  be  exchanged  in  future  designs 
for  faster  writing  speed.  Signa?.  level  is  shown  for  two  methods  of 
observation  in  Figure  4.  The  voltage  division  method  gives  higher 
output  signals  and  will  probably  bo  used  with  this  tube. 

3.  Writing  spaed  in  the  present  research  tube  Is  lower  than  will  eventually 
be  required.  It  is  expected  that  speed  can  be  increased  a  factor  of  4 
by  changing  to  a  surface  with  secondary  emission  equal  to  2  or  more  in 
place  of  th©  present  phosphor  surface  with  secondary  emission  of  1.15; 

a  factor  of  2  to  4  by  obtaining  a  lower  first  cross -over  voltage  of  th© 
secondary  emission  curve  which  can  be  reduced  from  the  present  250  volts 
to  less  than  90  volts;  a  factor  of  2  to  3  by  increasing  the  primary 
beam  current  from  the  present  30  microamperes;  and  a  factor  of  2  by 
increasing  the  dielectric  thickness.  Such  changes  should  result  in 
about  the  proper  writing  speed, 

4.  Reading  speed  of  the  present  tube  is  satisfactory  for  one  polarity 
of  signal  and  the  higher  secondary  emission  mentioned  above  will 

permit  th*  same  speed  for  both  signal  polarities, 

* 

5.  Th©  holding  gua  In  tho  present  tub®  appears  to  provide  permanent 
storage,  Qualitative  tests  are  not  couplets  and  further  tests  will 
be  made. 
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6.  Bell  ability  of  tbs  first  tube  is  good.  Is-,  <il  cations  are  that  a  tu  >e 
of  excellent  reliability  will  result.  Behavior  does  not  appear 
critical  with  respect  to  any  parameter©. 

7.  Burins  writing  a  signal  is  produced  at  the  signal  plate  which  can  be 
us ad  to  check  that  storage  was  properly  accompli shod. 

8.  Resolution  of  the  present  tube  1b  Halted  for  geometrical  reasons. 

dielectric  surface  is  of  a  cellular  texture  as  shown  in  liguro  o, 
The  present  mosaic  is  coarse  sad*  If  retained  in  principle*  wil^ 
reduced  in  mesh  nice. 

9*  Storage  capacity  of  the  present  tube  is  limited  by  the  target  diameter 
of  about  1  inch. 

10.  For  greater  reliability  in  reading,  the  tuba  and  circuit®  are  being 

designed  to  give  opposite  output  polaritiec  for  the  two  binary  digits. 

11c  Definition  of  the  experimental  tube  is  limited  aa  discussed  odor 
Item  8„  Storage  tubes  for  computer  use  do  not  require  the  fine 
definition  which  is  desired  in  such  applications  as  radar.  Since 
pictorial  definition  seems  to  conflict  with  essential  computer 
characteristics,  it  Is  probable  that  no  attempt  will  be  wad©  to  obtain 
definition  of  pictorial  quality.  Usable  computer  definition  will  be 
limited  by  deflection  circuit  problems*. 

3L20  Reading  and  writing  can  be  accomplished  by  switching  the  potential  of 
only  one  electrode*  either  the  signal  grid  or  signal  plate. 


The  experimental  tube  from  which  much  of  the  above  data  was  obtained  in 
f/hovn  in  Figure  fl.  The  storage  surface  io  at  the  small  end  of  the1 tube  and  « 

■  dTi ting-reading  gun  and  the  holding  gun  are  in  separate  glass  necks.  The  final 
design  will  r®tie®fblo  Figure  7  or  Figure  8c 


Design*  construction*  and  tasting  of  complete  storage  tubes  represent  only 
a  fraction  of  the  effort  devoted' to  the  storage  problem.  Much  research  has  been 
directed  toward  the  gathering  of  basic  information*  the  study  oi  deflection  coat  ol 
circuits,,  tube  construction  techniques,  and  the  design  of  special  tost  equipment. 

All  testing  has  been  done  on  a  pulse  basis  corresponding  to  the  conditions  under  vhl 
\nx,  „uDe  must  eventually  operate. 
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Approximate  division  of  the  Project  Whirlwind  staff  follows . 

February,  3.947  October  1947 


Staff 

Per  Cent  of 

Staff 

Per  Cent  of 

Members 

Total 

Members 

To  tel 

Storage  Program 

5  ■ 

20?; 

8 

20$. 

Circuit®  and  Systems 

20 

eof> 

32 

80# 

Division  of  activity  in  the  storage  tube  work  is  approximately? 

Par  Cent  of  Storage  Per  Cent  of 

lube  Staff  Total  Staff 


1«  Design  of  Test  Equipment 

and  cii’cuits  30  6 

2t  Study  of  Tubo  Construction 
Methods  and 

Techniques  15  8 

3„  Baste  Research  into 
dielectrics, 
secondary  emission, 

etc,  25  5 

4„  Circuit®  to  be  used  with 
tubes  for  deflection, 

output  reading,  etc,  10  I! 

5.  Actual  construction  and 
Test  of  Storage  Tube 

Models  20  4 

1,  JPron  the  above  tab].©,  design  of  test  equipment  (pulse  generators, 
gate  and  delay  circuits,  sweep  generators,  and  power  supplies) 
has  required  more  effort  than  any  other  phase  of  the  storage 
division.  As  a  result  of  this  work,  tests  have  been  po  jsibl©  on 
a  pula©  basis  and  tube  characteristics  aro  available  directly  in 
terns  of  the  computer  application.  Results  of  this  work  contri¬ 
bute  also  to  other  phases  of  the  computer  program. 


i 
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2f  Tub®  construction  muthode  are  of  the  upaost  importance  la  storage 
tub®  work  and  techniques  racist  bo  more  carefully  controlled  than  in 
commercial  vacuum  tube  construction.  Baking  ovens,  vacuum  system© 
and  an  induction  heater  have  bean  constructed  or  procured  as  shewn 
in  the  laboratory  views  of  Figures  S  and  10o  Glass  lathe  work  as  la 
Figure  11  is  required  for  tube  construction,,  Personnel  and  the 
necessary  background  of  experience  will  be  available  at  14,I,T.  to 
produce  the  tubes  required  for  the  Whirlwind  I  computer.  For  larger 
quantities  of  tubes  the  required  training  can  be  given  to  a  tube 
manufacturer  without  delaying  computer  work  while  a  new  group  solve® 
the  seme  difficulties  already  overcome  by  the  research  laboratory. 

With  available  equipment  and  personnel,  tubes  of  any  tyj*  required  for 
testing  can  be  constructed  in  a  few  days.  The  rat©  of  advancement  is 
sot  by  procurement  tad  analysis  of  data,  not  by  tub©  construction. 

»5,  Be 8 ear ch  studies  hare  been  conducted  into  the  problems  associated 
with  storage  tubes*  The  use  of  aluminum  oxide  a©  s.  dielectric  and 
the  preparation  of  the  oxide  surface  has  for  many  months  occupied 
the  time  of  one  staff  member.  Surfaces  as  shown  in  Figure  6  are 
embossed  on  aluminum  and  anodized  to  produce  a  dielectric  coverings 
The  mesh  of  the  dielectric  surface  is  small  compared  to  toe  beam 
diameter.  Figure  U!  shown  the  experimental  anodising  apparatus  and 
Figures  13,  14,  15,  and  16  step*  in  the  preparation  of  camples  for 
testing.  Since  reliable  tests  of  the  dielectrics  can  only  be  made  in 
high  vacuum,  it  is  necessary  that  samples  be  sealed,  into  vacuum  tubas 
for  taking  measurements. 

4.  Deflection  of  ths  cathode  ray  1  vaia  is  one  of  the  major  problems  in 
the  type  of  tube  being  considered.  Several  kinds  of  circuits  have 
been  tested  and  the  desired  resn  ts  appsar  within  reach.  Final 
selection  of  n  deflection  system  from  among  several  available  will 
be  mad©  on  the  basis  of  properly  balancing  the  requirements  of 
accuracy  and  reliability  against  tie  amount  of  equipment  involved. 

Tost,  results  show  that  deflection  of  bank©  of  storage  tubes  in 
parallel  can  be  achieved  in  2  mlcrot  ecoade,  Design  of  a  deflection 
system  has  not  been  completed  becaus  \  available  staff  time  was  noro 
urgently  needed  on  cthsr  clrcuitsc 

6.  Some  20/S  of  the  time  devoted  to  the  storage  program  or  4$  of  the 

project  staff  time  has  been  expended  or  actual  storage  tubes.  Tube  a 
have  been  constructed  as  required  for  tvsting  and  coordinating  the 
results  of  other  research.  Some  of  the  e  tubes  ar©  shown  in 
Figures  6,  a?,  and  18.  The  tube  of  Fig,  .re  6,  first  assembled  in 
August  of  thio  year  is  the  only  one  to  be  constructed  to  incoroorato 
all  the  principles  to  be  used  in  the  fin,  a  tube.  It  is  the  type  of 
tube  described  last  year  at  the  Harvard  t  ’-omputer  Symposia*.  Operation 
of  this  tube  corresponds  In  all  respects  to  predictions  which  can  bo 
made  on  the  basis  of  geometrical  and  clr  :uit  considerations.  It  was 
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constructed  for  s fcudy  purposes  and  after  teats  will  os  ussed  for 
demonstration  of  principles  end  for  life  studies.  Similar  tubes 
will  be  built  as  required  and  will  incorporate  clianges  toward  a 
final  design. 

Continued  research  i;a  several  directions  will  be  required  to  develop  the 
desired  tube.  1}  Work  to  the  present  has  been  on  storage  surfaces  of  aluminum  oxide 
or  on©  of  the  floreecsnt  phosphors.  Neither  of  these  has  a  sufficiently  high  secondary 
emission  ratio.  Satisfactory  results  seem  indicated  from  the  results  obtained  on 
oxides  of  beryllium  and  other  metals  which  have  been  studied  at  other  laboratories. 

Some  evaporation  tests  have  not  yet  bean  completed.  A  low  first  cross-over  voltages 
VJ(  Figure  19,  on  the  secondary  emission  curve  is  desirable.  Shis  characteristic  will 
in  general  accompany  the  greater  secondary  emission.  A  high  second  crona-over 
voltage,  ¥„,  is  desirable  in  order  that  a  high  primary  beam  voltage  «*:y  be  used  to 
permit  higher  beam  current.  Based  on  the  little  Information  available,  a  high 
second  cross-over  voltage  io  expected  to  be  a  characteristic  of  beryl  lust  oxide. 

Life  studios  must  be  initiated  on.  the  secondary  ©mission  surface  as  soon  as  a 
tentative  selection  is  made.  Same  surfaces  change  their  secondary  emission  behaviors 
duo  to  contamination  from  the  tube  cathode  and  from  residual  gas  in  t.ie  tube. 

Additional  circuit  design  will  be  required  to  develop  output  detection  circuits  which 
will  receive  the  tube  output  but  exclude  the  transients  which  are  produced  from  grid 
switching  during  reading  and  writing.  Resolution  of  the  tube  over  that  thus  far  dem¬ 
onstrated  will  be  required  but  the  problem  appears  less  difficult  then  others  and  can 
be  (approached  through  smaller  beam  diameters,  closer  grid  spacing,  anl  a  fine  storage 
surface  mosaic  if  the  moeaic  is  retained  in  preference  to  a  plane  surface.  It  In 
probable  that  better  electron  gone  should  bo  procured  than  now  available.  Present 
work  is  done  with  commercial  cathodo  ray  tv.be  guns;  better  guns  are  J.a  use  for  other 
purposes  in  this  country  and  in  England  and  may  prove  satisfactory,  in  increase  in 
gan  current  without  loss  of  definition  is  desired.  Special  goats  procured  from 
England  are  available  in  the  laboratory  but  have  not  yet  been  tested,. 
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Subjects  Dlocfcroataiic  Storage  Tubas  Drawing:  A  20. 5 Si 


The  following  i  o  a  written  maiUBCript  for  a 
dlecuajion  on  s lectio static  .i  .crags  tubes 
pro  sen. ted  to  the  Harvard  Computation  Symposium 
Wednesday,  January  -J,  194?., 

Jay  W.  Forrester 

This  afternoon*  we  are  to  examine  briefly  electro¬ 
static  data  storage  and  review  the  worlc  of  the  Sorvoaechanistao 
laboratory  at  the  Mnosuchucettn  Snntltuto  of  Technology  in  applyiaa 
electrostatic  ntcrage  to  high-speed  electronic  computation,  Tir.o 
racoarch  is  being  sponsored  by  the  Special  Dev.coe  Division  of  *;b; 
Office  of  Havnl  Research.  for  brevity*  let  me  limit  the  discusolau 
to  storage  requirements  and  objectives  of  the  11,1.1'  program-  Ho r 
proper  perspective,  lot  me  nay  that  tho  present  ntatuo  of  the  ro- 
Ronroh  is  promining  but  not  yet  pure  tied  ;o  a  complete  or  worlcao.’.e 
conclusion. 


ktti'arenco.- 


Written  by; 


So  that  you  may  properly  intoipret  a  dancriptiMj 
of  the  electrostatic  storage  tv.be  program,  let  's  first  review  rr - 
oulrementB  that  such  a  storage  device  must  meet, 

1.  The  contemplated  computer  after  passing  .thrsugh 

,  various' gr owing  stages,  in  emerging  an  ft  parallel 

digit  transmission  oyatem  l'ho  storage  mist- 
then  receive  and  deliver  binary  digits  on  parallel 
buso 3  - 

2,  Resulting  from  certain  objectives  of  the  M  1JJ? 

work.,  a  speed,  high  even  :’or  electronic  con 
putero,  will  be  required.  20,000  to  40,000 
computations  per  second  must  be  possible.  T'nJ  - 
will  force  the  reduction  of  multiplication 
time  to  leap  than  50  Eicr<i02conda,  perhaps  to 
ho  little  at?  16  micro  ascends  The  tiira  nooe& 

aary  to  order  and  to  operate  the  storage  repre  ¬ 
sent,  n  more  than  half  of  total  time  bringih: 


-  ,  ■  I  i  I  ■■  .UVLi.' . 
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Cinsloerablfe  prey sure  tc  speed  tip  etoia&o 
operation, 

3^  1  jonuce  of  operating  sjpead  reqv.i?ementBt  title 
li  not  available  ir.  certain  pro  tile  as  of  ir  - 
tureat  for  scanning  table 3  of  functions  and 
coefficients*  The  storage  Janet,  therefore, 
give  Icmecllate  accosr  to  all  reouired  data* 

Thlo  data  inay  amount  to  some  10,000  numbers 
of  40  binary  digits  each,  Including  program 
control  Information-.  Storage  of  about  18, 000 
number b  or  640.000  binary  digit u  Is  being 
considered* 

With  these  general  computer  characteristics  in  mind, 
we  can  now  turn  cut  attention  to  apocific  go a In  of  the  electrostatic 
storage  tubo  wori:  at  M.1,1' . 

1  Signal  to  nolao  ratio  nuat  be  high,  In  the 
interests  of  computer  reliability  only  the 
moot  positive  indication  of  zeros  and  one  a  can 
bo  tolerated..  , 

2o  Tlio  length  of  tine  that  a  uvunber  can  be  left  In 
storage  must  be  independent  of  the  program fling 
«  procedure;  that  in.  the  sfcorngu  should  Impure 

no  restrictions  on.  tho  order  or  number  of  times 
that  storage  positions  my  be  used-  This  .j.-ui 
bo  achieved  by  a  storage  that  is  continuously 
et If*  sustaining;  or  one  that  is  periodically 
^activated,  the  period  being  abort  enough  that 
storage  is  independent  of  euy  program  sequence 
within  the  poriod*  If  the  storage  is  period* 

•  ically  react!  via  tad,  ouch  reactivation  tims 

should  coneuno  only  a  small  percentage  of  ocm- 

,  pi  .ter  time, 

3«  Storage  response  tine  would  appear  in  oropoi 
balance  with  other  factors  if  6  micro  seconds 
axe  allotted  to  storage  control  find  operation, 

Ilia  would  he  divided  an  follows* 

Transmits  ion  of  control  order  1  microsecond 
Storagci  ^election  Switching  2  microseconds 


VI 

..  _  ..  <<  •  k  ■ 


— - 
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Heport  i'lo.i  H-LlC 

hlgit  Heading  1  Micro voooad 

Digit  Hevrifciag  1  micro  seciJii 

l'ran6rai;w?.tou  of  n  in  :sv  A  micro  xccj- 

4,  t'ecbaaLcnl  lino  detugn  chnractorJ  rfe-ion  of  dia 
storage  tube  trust  be  ei io^-. X© .  reliable  nai 
coupat  Idle  with  the  co:*3'<ruet,i.on  end  uat  o i' 
tube  c  in  sufficient  number  for  the  storage 
of  over  a  half  million  digit a 

low  let  u*j  turn  our  .attention  to  '*he  spec li’ in 
elec  troetal  lc  utorngo  tube  research  at  H  (  '  At  fix  at,  w»  at  a  mat:  a 
to  adapt  ti  e  standard  51,  cathode  ray  tube  to  the  ;jm  ®he  utaflifl!  >• 
cathode  raj  tube  with  a  signal  plr.te  applied  over  the  neraon  ju'  side 
the  tube  attiafied  certain  radar  memory  requirement  a  anc  hue  •vxdiidited 
signal  stoioge  of  several  hours.  It  dee  a  not  show  promise  for  cov: 
puter  applications.  Signs'  level  in  the  order  of  n  Ail-ivolfe  and 
signal  to  noise  ratio  in  poor.  Operation  appeals  to  depend  m  second 
order  rather  than  first  order  effecto  v  a.  thin  lb*  tube  and  nigixJ. a  at 
one  point  of  the  dielectric  are  affected  by  operation,  at.  all  other 
points.  I'h.e  only  possibility  of  using  such  a  tuba  would  appear  to  lie 
in  cyclic  reading  and  writing  for  the  storage  o'  a  relatively  wm.ll 
number  of  points. 

Ae  a  result,  we  are  no;/  embarked  on  a  r e search  pro- 
gram  of  tube  do  sign  and  construction  tc  moot  the  requirements  *  n-’lisx 
outlined*  This  work  :ir>  being  pursued  by  hodd,  -tly,  J'acdojvud,  olar, 
and  "fouts  at  the  Servo oechanieris  laboratory  with  the  enggeefc.'.  jj  ■.  and 
helpful  advice  of  Professor  Nottingham  of  *i*e  fLyaiox.  Departmni 

Let  mo  describe  the  genera..  appx'Oach.  3=' u  ’  Lg  1. 
and  2,  braving  A, -30291.  The.  tube  will  use  an  electron  bean  gu  and 
envelop  similar  to  a  bs  cathode  ray  tuba  ,  A1  the  screen  end  will  be- 
located  a  thin  dielectric  with  a  signal  pint*  on  the  back  tax %.m 
away  from  the  gun  and  a  grid  in  front  of  the  dielectric,  higi.it' 
would  be  written  and  raed  with  a,  stationary  beam  deflected  to’c-ne  of 
1024  locations  on  the  dielectric.  Separate  digits  tif  a  nunber  would 
be  Btored  at  corresponding  locations  within  fie  para  fee  tubes  him  a 
would  be  used  in  banks,  each  bank  consisting  :  f  ns  nauy  tubes  t.n  there 
are  digitn  in  a  number*  ik-a-m  deflection  And  intensity  at  all  tuxon 
would  be  controlled  in  parallel  Only  reading:  and  writing  vo'.taga 
circuit  a  would  bo  separate  for  each  tube, 

The  beem:  cjoi  dr-  deflected  v.o  any  point  oi  a  5.  >,7 

32  array  giving  1024  storage  lorationa.  both  ones  ttnd  »  0r<>«  '<• '■  be 
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on iqnely  stored  au  potutl‘re  or  argali v?  charg: -i  or.  T  dieUu-  :  • 

with  a  ficiuli  or  anro  clmr^e  tali;,’  detected  sm  improper  oi.or:  .  o  \ 

So  make  ftoraga  pooeib.e  the  dielectric  eoiet  h?,i-=i  i  cimjoaria.'.v  e 
tron  tiaiusioo  ratio  groat  or  t)uui  unity,  ;  charge  lari  Kt'.c  coia-c-a  ■*• 
nearly  all  Material**  dporr.tioji  dapondo  on  tr. ■.-  fuel  vim 5  tr.j  4'. 
alec  trie  where  struck  by  the  high  /oloolty  electron  beum  vi.ll  h.hc 
the »e  elvotrona  if  the  opot  t*. positive  vitb  respect  to  the  grid 
If  the  siiot  la  negative  with  reopeut  to  the  grid  she  dielectric  wi?l 
yield  necondary  electrons  to  tin  grid,  in  aumlHi**  grr.n than  tao v.t> 
in  the  primary  beam  until  the  opot  reaches  a  ,  Mentis?  differing  iroi’u 
the  grid  by  a  conn  bant  va'iu-3*  For  purpose  of  explanation  only,  s.s- 
nuno  t)il it  constant'  to  be  ir.eco* 

In  reading,  if  cleat road  ar;>  tranaf erred  to  cr  from 
the  dielectric,  a  voltage  will  b»  Induced  by  capacity  nonplin;;  on  ".he 

signal  plate, 

Suppono  a  one  la  to  be  stored  as  a  poaitiv?;  charge* 
The  grid,  is  changed  to  Day  olua  LOO  volif  ana  Ho  bs&M  turned  on 
Kxeoee  secondary  electrons  will  bo  attracted  to  the  grid  until  the 
apot  reaches  the  grid  potential  is  which  tlrnu  secondary  electro  if> 
oqual  the  j.riinari©8  in  naubor  and  no  further  potential  cl  van  go  occurs, 

Storage  of  a  aero  would  be  nccomplitihiid  by  plailng 
the  grid  at  a  negative  potential  so  that  electrons  would  he  hell  on 
the  dielectric  to  produce  a  neg*. &i?o  charge 

Heading  would  bo  hoc ompl inhod  vlth  the  grid  at 
neutral  by  (striking  the  dielsaitrlo  with  t,ho  no.an.  and  dot.oct:uig  r<.  It 
age  change  a  on  the  signal  plate  K  Ohargkr.g  of  pceitl ■>■•:  areas  rep1  c 
oentlng  cues  would  produce  aogat  tve  output  gig-ip.  la  »nd  discharging 
of  negative  areas  would  indicate  zeros  a*  positive  voltage n 

l  • 

It  is  apparent  ihnt  bht  reading  of  a  digit  caucus  a 
HDure  so  that  the  block  diagram  of  ‘igure  3  for  coupling  la: tve  :>r. 
reading  and  writing  circuits  would  bo  no- d  to  rewrite  )vn  u  ore:' 

oigncl. 

Vhe  reading  circuit  would  iuw  -  three  ntabl’i  stMerti 
rero,  one  and  neutral,  *he  circuit  is  extern.? Ll.y  .-o@9  tc  neutral 
before  reading  and  is  tripped  tc  zero  or  one  by  a  positive  :i..  nura- 
live  signal  respectively:  After  tripping,  tne  rending  circuit  can- 
not  b  reversed  or  reset  by  voltage e  at  the  alpial  input  an :■.  in 
dicats n  a  zero  ox’  a  one  at  the  output-  'this  output  signal  1  nit  wiles 
the  writing  circuit  to  rewrite  the  at o rod  nignal  while  the  -ire  ‘  -on 
boon  lo  etill  on,  The  ate  rod  ni*jnal,  thereby,  5  3  left  cr  full  volt¬ 
age.  For  atorago  of  new  data,  writing  Mgnale  are  brought  :liro;  ly 
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to  the  writing  circuit  without  operation  of  the  reading  circuit, 


Erasing  of  signals  is  not  required  since  wri  iing  is 
unaffected  by  a  number  already  in  storage-. 


She  output  signal  depends  on  tdii-tmesa  of  the  di- 
cl.sct.rio,  reduction  of  capacitance  from  signs,!  plate  to  ground,  and 
the  potential  stored  on  the  dielectric,  Calculation  and  experiment 
indicate  signal  o  in  tha  range  of  CVl  volt  froir,  tubes  of  final  rise  * 
Helativ©  voltage©  on  the  various  tube  electrodes  are  open  to  ccm- 
eiderable  variation-.  The  above  values  e.va  selected  for  do  script:!** 
purpose g  but  it  in  probable-  that  in  practice  the  grid  would  be 
grounded  and  the  reading  and  writing  operations  combined  at  the 
signal  plate » 


Three  tube  a  have  been  constructed  with  storage  areas 
of  1  square  inch  to  test  general  operating  characteristics ,  Then© 
demonstrate  operation  generally  at?  outlined  above  Storage  for 
several  minute  a  without  reactivation  it?  possible  .and  clean  output 
signals  ais  derived. 


The  following  problems  exists 


1 ,  Stored  signals  expand  outward  from  the  point 
of  beam  impact  for  long  pulses  or  repeated 
short  pul ecs  at  the  same  grid  potential.- 
Control  of  secondary  electrons  must-  be 
established. 


So  file ct.ro a  gun  beam  current  should  be  in- 
creased  and,  depending  on  tha  reactivation 


procedure t  stray  high  energy  electrons  out¬ 
side  the  beam  may  need  to  be  reduced. 


A  reactivation  procedure  must  be  worked  out „ 
either  by  periodic  reading  and  rewritings 
or  through  the  continuously  self-sustaining 
characteristic  of  low  energy  electrons 
sprayed  on  the  dielectric o 


final  selection  of  materials  must  be  made  on 
tha  basis  of  further  teats. 


A  rectilinear  dsflecticn  circuit  giving  re¬ 
liable  and  sufficiently  accurate  deflections 
of  plus  and  minus  '16  unite  ©.long  each  axis 
must  be  perfect Bd 
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Possible*  solutions  to  all  V.3b»-j  ae  »?c>hl&ics 


have  net-  yet  "been  tested 


The  following  favorable  points  have  been  Lnd ;l 


le  Clear  output  nlga&l b  above  noise  level 


A  tube  design  which  will  be  easy  to  con 
s  trust 


I’raedosa  from  serious  ohmic  leakage  &i:f£l 
col  ties  at  the  dielectric  . 


Jd,)j  Ml  \T?o:rr  ester 
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BEAM 


GRID 


FIGURE  2 


RESET  TO  NEUTRAL 


READING  j 
CIRCUIT  / 


OUTPUT 


SIGNAL  OUTPUT 


WRITE  I 


WRITING 

CIRCUIT 


I NPUT 


WRITE  Oj 
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Subjects  Progress  deport;  end  Development  Schedule  of 
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Immediate  Objectives  of  the  Group 

1  Demonstration  unit  for  the  electrostatic  n  tar  ago  tuber,- 

It,  Write  reports  on  the  lolect-rciBtnfclc  storage  tubqs,,  anodizing 
techniques ,  and  dielectric  Investigations 

3o  Pinlnb  anodizing  (studies,, 

4,  Development  of  equipment  for  electro static  storage  tube  testing 
5„  Pro cob fling  and  testing  of  models  7  and  9 
60  Evaporation  of  beryllium  studies 
7 u  Moving 


I 


1 

\ 


' 

M. 
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Immediate  Qb.iactivofl  of  Individual  Mr mbe c >LO 'Ljihg . C:r qup 

lo  Co  Ho  R *  Campling-  Development  of  1  pa  to  100  pt-  pulter, 

2o  So  Ho  Dodd?,  Write  report  on  model  5„  memorandum  on  models  2,»  3 
and  oonsult  on  writing  report  of  model  JL  Develop  clamping  circul  t 

3„  4ft  R„  Macdonald*  Pininh  anodising  studio i\  and  write  complete 

reports  on  all  phase  a  of  his  vorK„ 

4„  h„  J„  Nolan;  Design  demonstration  unit  for  electrostatic 
storage  tube 9 0  write  reports  or  electrostatic  storage  tuba  model  &nc.  6* 

5„  p<.  Youts?  Process  models  7  and  9  and  conduct  Investigations  of 

tho  evaporation  of  beryllium 


^iri-arMraiiL 


wuuylUU 


’»vi  jp 


6345 

Ha  mo  r andum  M-  =96 


2- 


August  15„  194? 


{Progress  Report  and  Outline  of  Storage  Tn.be  Pro-joc  tn 

1.-  Modal  6  tube  had  two  atdrage  surface  a  aud  two  electron  guns* 

One  storage  BWface  wan  Al.,0^  with  a  coating  at  willami be  The  ascend  but, face 
was  AlgO„  ■  Wo  were  unable  J&, I  procooa  this  tube  tw  that  It  would  have  the 
necessary  high  vacuum..  Grids  from  model  8  and  new  electron  guns  were  put  in 
the  envelope  at  model  0  and  designated  model  6 A.,  'fie  were  unable  to  beep  a 
high  vacuum  in  this  tub® ,  Tho  envelope  had  alrovot  twice  the  surface  area  of 
an  ordinary  cathode  ray  tuba-.  Later  hr.-  A„  5»  Kl  senate  in  processed  a  tube  of 
comparable  size  which  was  coated  by  us-  In  the  light  of  hie  investigations 
and  the  comment  a  la  at  Po comber  by  Hilary  Moss  of  England,  we  arc  .prebaking  all 
caatod  envelopes.-  •  (We  were  unable  to  follow  this  procedure  until  our  own  evens 
wars  completed.. 


2-  Modal  10  tub;  io  a  replacement  for  model  8,  Jt  ha a  two  electron 
guns  and  one  storage  surface  c-f  Al^O^  with  a  coating  of  willemite.,  This  tube 
has  been  operating  satisfactorily  -ho  past  fortnight.,  Tests  wore  completed 
with  all  available  test  equipment,:  These  tests  indicate  the  following* 


a-  Holding  -tui  operation  waa  satisfactory  at  low  repetition 
rates-,  At  high  repetition  rates  the  secondary  redistri¬ 
bution  seems  to  ovorcosna  holding  gun  operation* 

b<:  necessary  to  liave  separate  second  anodes  to  allow  adjustment 
of  accelerations  in  the  two  guns- 

On  The  combination  of  will  emits  and  AX„Qrj  has  to®  high  a  first" 
craemve?  potential  thug  requiring  excessively  largo 
switching  pul  a©  a-, 

Ar.dl  re  c  t  e  vl  donee,  that  the  high  first  ora  a  sorer  potential 
requiring  high  acceleration  voltages  in  holding  beam  gun 
may  bo  causing  progressive  breakdown  of  the  dlolnctrlcu 

9,;  Separate  second  anode  a  should  allow  higher  holding  gun 
current  a « 


fo  .Be solution  wan  approximately  five  spots  to  an  inch* 

g„  This  would  indicate  the  feasibility  at  the  moment,,  of  a 
16  x  16  storage  matrix  for  WX-< 


Model  10  tube  will  be  operated  each  day  to  detect-  any  signs  of  faulty  operation- 
Further  toots  of' resolution,,  writing  and  reading  times  will  be  made  when  the 
necessary  test  equipment  in  developed* 


3o  Mode],  11  tube  will  be  a  possible  replacement  for  model  10*  Com¬ 
ponents  for  this  tube  will  t«  kept  in  n'  do  dent, or  and  assembled  whenever 
model  10  falls  to  operate.. 


I 
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4  Namonetrattoa.  Unit  for  Piastre  static  Storage  Tuba  will  be 
de  signed  by  Vh,  J..  Ho  fen  In  consultation  with  Jay  V,  ^arrester  and  S  -  -  Dodo. 

Wo  will  use  an  ninny  as  possible  of  the  toot  units  that  have  proved  snUafnctor.! 

In  our  taut  war’s-’  Construction  of  demon  strut  ion  unit  will  be  given  to  someone 
outside  of  the  storage  tube  groups  Toeting  and  operation  of  the  unit  will  be 
don®  by  someone  within  the  group, 

6-  Model  7  tuba  will  be  constructed  in  a  2  inch  diameter  glase 
envelop®  with  a  shielded  conetruction  to  isolate  stray  electrons  and  will 
contain  a  flat  M  0,„  dielectric  and  a  perforated  nickel  sheet  with  a  single 
one-eighth  inch  diameter  hole  -  This  tube  will  then  ba  used- be- 

a  determine  the  leakage  and  emi scion  chnracterint) p  of  Al„0,j 
and 

bu  observe  these  characteristics  during  a  life  test 

€ 

6,  Storage  surfaces  other  than  Alg0g  bob®  desirable,.  Tha  phyelca, 
requirements  of  such  a  surface  are^ 

a  high  resistivity 

b  hi breakdown  strength 

c  high  secondary  emission  ratio 

d<  lew  first  crossovsr  voltage 

«•  a  material  that  can  be  procosged  reliably 

to  reliable  emission  ratio  as  a  function  of  time. 

This  requires  a  careful  search  of  all  materials  or  combination  of  material*! 
which  meet-  the  above  requirements,  K  h  Hey&fc  is  writing  a  seminar  on  secondary 
emission,  U  was  suggested  that  hie  theoin  investigate  tho  (secondary  emission 
characteristic  as  a  function  of  time  of  material*  that  oonld  be  used  no  storage 
surfaces.. 


7,  The  high  secondary  omission  requirement  might  be  solved  by  a 
beryllium  mo  uni c  on  AlgO^  The-  evaporation  studio  a  of  borylllum  will  attempt 

to  determine 

a  best  method  of  procr t  Bing 
bo  crespago 
Co  uniformity 
d  re  si stance 
et.  reaction  with 

There  will  be  consultations  with  Professor  Karri u  and  Professor  Nottingham  m 
the  subject  The  literature  on  tho  subject  will  bo  surveyed- 
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8*  Model  9  tube-  will  lie  constructed  in  a  similar  ntanziar  except 
a  coating  of  beryl lins' will  be  applied  ‘;o  the  top  surface  of  the  A3 ,SK, 
dielectric  and  connections  to  this  Metallic  coaling  will  ’be  rand®  available. 

This  tuba  will  be  need  to  investigate 

leakage  of  Al^O,,  dielectric  with  a  beryllium  coating  and 
techniques  of  'applying  this  coating. 

b. 5  emission  characteristics  of  thit  coating  which  nay  not  bo 

pure  beryllium  since  It  in  ejected  that  this  coating  will 
bo  evaporated  on  the  dielectric  and  will  be  subject  to 
contamination  between  Time  of  evaporation  s  nd  assembly  In 
air  in  the  model  9  tube 

c .  these  omission  chax*acterl  sties  *  ill  be  misasuresd  as  a  function 
of  time  in  a  life  tee; 

9 o  Moggie  storage  surface n ..  If  the  first  crossover  potentials  of 
the  conducting  areas  nnd  the  dielectric  t.'lffer  widely  this  would  prevent 
storages  The  dielectric  surrounding  the  conducting  ansae  may  be  driven  to 
cathode  potential  while  the  conducting  areue  should  be  at  collector  potential 
The  negative  dielectric  areas  would  pi  evert  positive  charging  of  the  conducting 
are an. 


10,  Anodising  Investigations  will  be  couple  tad  and  written  up  com¬ 
pletely  in  a  series  of  report*)  However  th ,  reaction  of  Al„,0^  with  different 
coatings  must  be  Investigated  later 

11-  Qas  Data  Storage  studies  have  h**n  postponed  until  Cctober  first. 
The  subject  and  plans  for.  further  work  will  bt  studied  at  that  tin.e 

12,  Moving'  Again ,  The  group  wil?  move  l'rotc  the  first  floor  of 
Barta  Building  to  second  floor  within  the  next  f«i  vulght.  The  details  and 
supervision  of  the  moving  will  be  handled  by  our  technic  lane  with  the  help  of 
Al  Taylor’s  man 

13  Vacuum  system  construction  is  pregrs  sail,*,  whenever  there  la 
manpower  available  to  work  on  it.  The  ovemi  have  been  oo.\il«ted  sufficiently 
to  use  them  for  annealing  and  baking  of  the  glaae  Tbs  gla.-c  for  the  vacuum 
syatem  will  be  assembled  on  the  sys*  em  whenever  vu  move  into  wir  new  quarters 

and  time  permits, 

* 

14,  Tube  Construction  Facilities.'  He  lave  been  using  K.li 
facilities.  This  is  very  inconvenient.  However  it  will  require  t  t  least 
six  more  weeks  to  procure  parts  and  power  far  thu  H.S1,  Bomber  Most  of  the 
other  facilities  con  be  net  up  whenever  they  are  reeded.. 

15 o  Hepcr iso  A  high  priority  has  been  r  u signed  to  th®  task  -,r 
writing  reports  on  all  phases  of  our  activities. 
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necessary 


Agenda 

ln  view  of  the  above  outlined  otjecUvo3  .  the  following  tacks  are 


Modal  10  Tube 


lc  Measurements  of  leakage  reel-stance  between  electrodes  in  the 
istorage  assembly  and  guns 

2u  Measurement  of  interelectrode  capacitance  for  the  storage 
assembly,. 

3-.  Use  clamping  circuits  to  alloy  observation  of  signals  during 
writing  and  reading  with  holding  beau  on„ 

4„  Test  for  time  required  for  writing  and  resolution.. 

5"  Evaluation  of  teat  result,*.. 


Model  11  Tube 

6„  Construction  of  all  conpenentE, 

7*  Assembly  of  tube, 

8»  Processing  of  tube, 

9^  Testing  for  satisfactory  operations-, 

Pg.5g.nftr.at  ion  Unit  for  Electrostatic  Storage  Tube  a 

10c  Design  of  the  unit, 

llo  Development  of  nev  circuits 

l2o  Supervision  of  construction, 

13*  Teating  of  the  unite 


14 o  Processing  of  the  tube, 

15*  Outline  of  teste  for  model  7, 

l 

16r.  Tenting  of  model  7, 


jto&jULS&ft 

17 o  Assembly  of  tube* 

18c  Processing  of  tube, 

19 o  Outline  of  teats  for  model  9,, 
20,  Testing  of  model  9, 


.  .  ..kBMOU, _ -*U**'~-  -Hi*.**,-  .  , 


u 
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August  3.5.  2.94? 


Evaporation  of  Beryllium  on  Al,.Or, 
'  .  _ _  <o  o 


21.i  Preparation  and  processing  of  Evaporation  Tub©  model  2  'Phis 
will  have.  a  wire  aero  to  the  ©pan  part,  of  the  mask 

22  =  Preparation  and  prcceeaing  of  Evaporation  Tub®  node l  3«  This 
will  have  a  screen  across  the  open  face  of  the  mack. 

23*  Preparation  and  processing  of  Evaporation  Tub©  raodol.  4.,  This 
has  a  copper  mask  over  an  anodised  embossed  aluminum  plate „ 

24 o  Evaporate  beryllium  bn  six  differently  treated  camples  of  A1J.1  -. 

25.,  Consultation  with  Profs  user  Harris^  Consul  tat  ion,  with  Professor 
Nottingham* 

26.,  Survey  of  the  literaUu-®  to  study  evaporation  technique  8., 

27c  Investigate  method  of  anodizing  completely  through  ridges  on 
griddle  surface., 

28 o  Measure  anocliecd  thtokneso  with  1/2  normal  acid  concentration,, 

1/2  normal  current  density  and  with  1/2  normal  acid  and  current-, 

29=  Determine  current  versus  voltage  characteristic?!!  after  different 
anodising  times  to  obtain  estimates  of  beat  anodising  conditions., 

30.,  Re Distance  measurements  «»n  beryllium  coated  samples  in  a  high 
vacuum  to  do1; ermine  the  effectiveness  of  different  Al.,, G„  coaling 
methods,  > 

31 «  Apply  in  salute  to  anodised  surface  to  observe  reaction  between. 

inealuto  and  iU.o0r.  In  high  vacuum., 
d  d 

32 1.  Apply  aquedag  to  anodized  surface  to  observe  reaction  between 
aquadag  and  ALo0^  in  high  vacuum  0 

33*  Perform  experiments!  similar  to 'Items  31  and  32  for  silver  paint 
and  silver  pasty., 

Xn salute  Tests 

34o  To  determine  whether  insalute  supports  introduce  unn0o@0f.1ary 
leakage  pathB0  a  few  simple  in  saint  a  a  true  turn  s  seals  d  in  a 
high  vacuum  envelope  will  be  tested  for  leakage ., 

Secondary  Emiaahpn  from  Metal  jiand  insula  tor  a 

grXKKJ— !»««»,<—  —  num  Jr'rr-  T-I-)  nyry— «wn«  ■  »  »v»»:«Kn»a»» , cm  -a 

I 

35„  Survey  of  the  literature « 

•  36.,  Translation  of  significant  foreign  articles., 

37*  Summarize  pertinent  result's  from  all  available  sources  in.  a  rope* 


%  #*" 
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Augur/  15,  194? 


Storage  Surfaces  other  Al,,0„ 

-  _  P  ** 

38 .. -  Survey  of  possible  dielectric  wxrfncea-. 

39.1  Investigate  methods  of  producing  those  surface e  • 

40 <-  Investigate  evaporation  of  quartz  in  form  of  a  griddle  surface 
on  iilgO^o 

41.1  Evalimto  different  alzee  an d  shapes  of  grlddlo  pockets 
Vacuum  System  Construction 

42«  Completion  of  ovem, 

43..  Completion  of  frame b 

44o  Assembly  of  frames  and  wirings 

45  „  Assembly  of  glass  system  for  high  vacuum  worfcc 

46 1,  Testing  and  calibration  of  system  for  high  vacuum  wore 

47 o  Assembly  of  second  glass  system  - 

48c  Testing  and  calibration  of  second  system. 


Tube  Construction  Facilities 

49  o  Power  and  water  for  RJ.  Bomber  . 
50c  Induction  loops  for  R  W  Bomber. 
61c  Flexible  leads  for  B.F  Bomber. 
62c  Repair  KaFo  Bomber.. 

53 o  Sot  tip  Olass’-Worklng  bench 
54c  Procurements  of  tube  components,. 


teBSSbk 


65c.  Memorandum  on  models  2n  3e  and  4. 

66  c  Mod®!  1  o 
67c  Model  5c 
58 o  Model  6c 
69c  Anodising  procedures 

60,  Measurement  of  high  resistances  .and*  dielectric  eharacfcoricties 


of  Al203  layers. 

61,  Magnetic  control  for  Secondary  Kleotron  Redistribution- 
62=  Studies  with  an  Electrolytic  Tank., 


6345 

Htuuerandtiw  M»96 


August  15-,  194? 


Teat  E pulp man t 


63.).  DaveiapEsont  of  1  j.^n  -  100  ns  pul  bit.. 

64 «  Supervision  of  tho  work  In  Horn  63.) 

65.’  Supervision  of  the  modification  of  the  portable  teat 
equipment  „ 

66c  Supervision  of  setting  tip  test  benohe o  for  holding-gun 
operation 


S3’  H  l)add 


4 
<=? 


'L4. 


0 


Patrick  YeUvfc . 


SHDoPY/vh 
August  18t,  1947 

cct  Ho  Sc  Boyd 
S'*  H  Caawell 
C'.  He  Cabling 
T'j  F  Clough 
A»  Ho  Curtis® 

J  .,  0.  Ely 
Ro  R.  Everett 
Ho  Fahne stock 
Mo  X,  Florencourt 
Jo  R.  Macdonald 
Wo  Jo  Nolan 

So  B  Palnlter 
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P.voji  jt  Whirlwind  - 
Servoroeche  xi  sms  I  a'fcorai;o.v3;' 
JSassaehuvotia  Ir.otl  feute  '  f  jL’aciiuolo.gy 
.Caaabricigc ,  .MesaotaBetis 


SUEJJSC3!  &  EBOSRBSS  HSPOM?  as  oy  pcttag  $ QL&&SS 

Of  RTCfflflfiB’iimB  r^ODP  jgBflM  Q3g0JB^  >?.0>.J..g^?-g«I^MO^.,  $ I 


JrCSli l 


Jay  W„  .Forrootsr 

S,E0  I. odd.,  W.J,.  Holan,  sm  P-,  Tout?; 


October  20.  1947 


SiECffi;?ry  of  Report 

She  ir. mediate  objectives  of  she  group  are  outlined  'iriof.'.y,  '  ••'  = 
immediate  objectives  of  the  individual  members  of  the  group  arc  iiincwiew-i. 
to  snow  the  proposed  activity  o.  each  noaber  during  the  next  four  we& 
period.  The  text  section  ia  a  brief  j regress  report  and  an  on. Situs  of 
all  currently  active  storage  tube  projaote,  We  find  it  difficult  to  pro. • 
pare  a  detailed  work  agenda  anti  ached* X  for  a  four  weak  period.  dtiforeec 
troubles,  new  results:  appearing  in  the  test  program  and  new  d&oss  require 
a  flexible  work  agenda  which  can  be  heel  prepared  each  day.  No  test  work 
on  new  dielectrics  is  contemplated  durieg  this  period.  The  section  on 
storage  surface  material  was  added  to  summarise  our  thoughts  an.  ths  subjiu 

Immediate  Objectives  of  the  Storage  Tube  'Stout. 


1„  Complete  dewonstr  at i on  uaii  for  the  electrostatic  otoicags, 


tubes < 


2o  Write  reports  on.  electrostatic  storage  tubes. 


3.,  Until  demon  titration,  unit  ic  operating  satisfactorily ,  keep 
one  '^est  set-up  in  working  order  so  that  we  can.  exhibit  as  a  (lgajton.st ration 
the  storage  principle  on  the  most  recent  storage  tube. 

4.  Storage  Tuber,  Mods  11 ,14 ,15 ,16*1?  will  be  constructed  and 
tested  to  determine  the  relative  effectlveaeas  of  griddle  vs  fiat  curia  cor 
and  the  advantages  of  using  beryllium  n>ots  to  give  better  omission  and 
signal  stability,  ‘  / 

5„  Storage  tube  Koda  7, ,9,12  and  13  are  the  first  of  a  series 
of  tubes  designed  to  measure  the  seconuary  emission  proportion  of  various 
storage  surface  materials  end.  then  to  uoasure  oho  .1:1  fa  of  these  proper  tie: 
under  conditions  sienjlating  actual  otoj.’ags  tuba  operation. 


6„  At  the  end  of  the  period  ctvered  by  this  memo  we  esqaeet  the 
tube  construction  and  testing  facilities  will  bo  far  enough  along  toward 
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completion  so  that  much  of  the  personnel  now  working  on  lab  and  tact 
bench  construction  car.  be  r si eased  for  more  direct  work  on  constructing 
and  testing  tubes. 

Tentative  Work  Assignments  of  Individual  .Members  of  the  Group 


1.  C,  .cLR„  Gomplingi  Test  the  1  to  100  ps  pulser.  Supervise 

installation  of  power  for  life  test  facilities  and  demonstration, 

* 

2.  F.H.  Caswells  Construction  work  on  r-f  bomber.  Pcv/ex 
wiling  in  and  to  demonstrator,  .  Wiring  of  power  for- annealing  oven. 
Construct  pulser.  Construct  tube  mount  for  demonstrator.  Help  with 
any  tube  construction  in  an  emergency. 

3.  SP.P.  Clough?  Pro  cur  ©meat  for  vacuum  tube  work.*  Mainbr.in 
vacuum  tube  room  and  facilities.  Tub®  construction  work.  Einlals.  cr 
otraetion  work  i:a  vacuum  tube  room.  Sot  one  vacuum  system  operating 
satisfactorily.  Sot  up  gas  data  etc rage  bench. 

* 

4c  A.  Curtiss)  Set  tip  two  test  'benches,,.  Construct  life 
test  racks. 

5.  P„  Dax’vl r ri B;  Sot  up  two  test  banchea.  Construct  life 
test  racks., 

6„  S.H.  Dodd  will  work  with  W„J0  Dolan  and  H,  Heydt  to  help 
with  testing.  Work  on  reports  on  storage  tubcs0  lloecllts  construction 
of  demonstrator  rnd  my  work  except  glsun?,  work  farmed  out  to  out  si.  do 
contractors. 

t 

7„  M„ ic  Florencrrart;  Complete  anodising  stfudioe  and. any 
anodising  required  for  tube  construction,,  Assist  in  the  testing  of 
dielectric  surfaces.  Start  searches?  for  new  dielectrics. 

8,  3„L.  Hsydt  will  run  the  tests?  outlined  in  objective  5„ 


9„  H.A.  Ladd  will  construct  test  equipment  such  as  trigger 
generator  and  work  wi th  F./l.  Caswell. 

10.  3„}?„  Iferkol  i/ill  renew  Ms  studies  on  gar;  data  storage 
which  were  stopped  last  suamer. 

11.  J JI.  MsCusk&v  will  process  all  vacuum  tubes  in  Bldg.  30. 
Test  o'ur  vacuum  measuring  equipment  on  R„L0E0  facilities. 

12.  tf.J.  Dolan  will  assume  responsibility  for  all  testing., 

Ho  will  keep  the  present  test  set-up  operating  as  a  demonstrate  ok,  unit 
and  use  it  to  test  all  twogua  storage  tubes.  Consultation  with 

S.B.  Dodd,,  H.L.  Heydt  and  A..1,  Slorencout  on  testing  the  storage  sur¬ 
faces.  Layout  a  id  suporvisn  construction  of  pulser.  Put  r-:f  bomber 
in  operation. 
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13,  Joel  Simmons  will  work  on  demonstrator,, 

3.4,  P„  Youtz;  Tube  construction  mid  design*  Tube  pro¬ 
cessing.  Investigation  and  testing  of  new  techniques  for  tube  con¬ 
struction  and  processing.  Set  up  a  vacuum  system  and  test  it,, 

Search  for  new  dielectrics.  Give  a  limited  amount  of  assistance  to 
ga  b  - dai a- e t o rage  program. 

Progress  Report  and  Outline  of  Storage  Tube  Projects 

1.  S.T.  Mod  11A  was  constructed  earns  as  S.T  Mod  10,  see 
M-R5,;  except  the  screen  was  moved  15  mils  from  the  griddle  surface 
and  second  anodes  of  two  guns  not  interconnect ed.  Tests  were  made 
on  this  tube.  These  tests  indicate  the  following: 

a.  Operation  of  second  anodes  of  the  two  guns  at 
different  potentials  is  not  satisfactory. 

b.  Operation  of  tube  very  sensitive  to  variations 
in  holding  beam  velocity  and  current  density. 

c„  Writing  tlsi®  and  resolution  about  the  same  as 

Mod  10,  (50  ns,  5  per  inch) 

J 

2,  S„T,  Mod  12  was  the  earn©  S.T.  Mod  7„  see  M- 96,  with  great- 
care  to  prevent  willoraite  from  falling  on  Aig  Og  surface*  This  tub©  has 
been  constructed* 

3*  S„ T„  Mod  13  is  similar  to  Mod  9,  see  M-96r  except  with 
different  tyoe  of  leads  to  the  beryllium  surface  see  drawing  SA~39J5S4, 
Tills  tube  has  been  constructed.  There  was  good  continuity  between 
the  loads  and  beryllium. 

4,  S.T.  Mod  14A  is  similar  to  S.T*  Mod  111  except  it  baa 

a  flat  dielectric  of  Alg  ^3  with  willeraite  instead  of  a  griddle  surface. 
This  tube  is  being  processed. 

5,  S.T.  Mod  15  is  similar  to  S.T,  Mod  14A  except  it  has  a 

storage  surface  of  a  40  mesh  mosaic  of  beryllium  on  Alg  Qg  Instead  of 

willemite.  It  has  a  100  mesh  screen  with  random  alignment.  (All  com¬ 
ponents  are  prepared  for  this  tube). 

6,  S.T.  Mod  16  is  similar  to  S.T.  Mod  15  except  it  has  a. 

100  mesh  mosaic  of  beryllium  on  Alg  Og,  It  has  a  3.00  mesh  screen  with, 

the  holes  in  the  mesh  over  beryllium  spots.  One  set  of  components  have 
been  ore oared  for  thi3  tubs.  We  might  attempt  to  get  a  better  mosaic, 

S.T.  Mod  1?  is  similar  to  S.T,  Mod  11A  except  the  griddle 
surface  is  not  covered  with  vdlleuito  but  has  beryllium  in  the  bottom 
of  the  pockets, 

8.  S.T.  Mod  18  is  exactly  like  S.T,,  Hoc  lid.  This  is  in.”., 
tended  as  a  replacement  so  that  there  will  always  be  available  a 


mm 
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workable  storage  tubs  for  the  demonstrator.  Components  arec,  ^constructed 
but  the  tub©  will  not  be  assembled  and  processed  tmless  it  i«  heeessary » 

9.  S.f.  Mod 39  is  exactly  like  S.T.  Mod  13.  It  in  intended 
no  a  research  tube  to  be  used  in  the  life  test  rack  to  check  operation 
of  S.T.  Mod  13  and  simulate  operation  of  the  holding  gun  in  a  storage 
tube  instead  of  the  writing  guru 

10.  S,T.  Mod  20  is  exactly  like  S.T.  Mod  13.  This  Will  be 
operated  in  life  test  rack  to  simulate  operation  of  the  holding Igun  in 
a  storage  tube.  Note:  (It  is  hoped  that  the  testing  program  will  keep 
paco  with  the  tube  construction  program.  The  data  should  be  analyzed 
soon  enough  to  forestall  construction  of  any  of  those  Mods,  if  the 
testing  program  should  so  indicate.  However  there  has  been  n  high 
mortality  among  the  tvro  neck  tubes  lately.  This  has  been  occasioned 

by  the  training  of  new  personnel.  Therefore  tube  construction  has 
always  been  pushed  because  several  accidents  have  always  befallen  each 
tube,  Whenever  any  significant  teat  results  are  obtained  the  rent  of 
the  .program  will  b&  examined  in  the  light  of  these  result  s„J| 

11.  E,S.T.  Demonstrator. 

a.  Test  facilities  will  be  used  as  a  demonstration  until 
demonstrator  is  completed. 

be  All.  circuit  schematics  have  been  completed,, 

cfl  Layouts  for  the  control  box  end  the  gate-delay  units 
are  complete.  Others  still,  in  process, 

&„  •  Control  box  constructed  end  gate-delay  circuits 
being  constructed, 

12o  Gao  data  storage  studies  will  be  resumed  where  they  were 
stopped  last  summer,  Tho  gas- datastorage  bench  will  be  set  up  with  a 
fore  pump  and  the  alph&tron.  This  study  will,  require  construction  of 
four  more  tubes, 

130  Anodising  of  aluminum  investigations  were  completed  and 
written  up  in  &  se.  ■  ss  of  reports  and  memoranda  by  J.R.  Macdonald, 

M„I„  Fleruncourt  has  taken  over  this  work.  She  has  anodized  sufficiently 
to  check  her  own.  procedure,  and  the  equipment.  Also  she  is  checking  four 
of  J„R„  Macdonald9 s  tests,,  Eo  further  test  work  is  contemplated  until 
tests  on  the  storage  tubes  indicate  the  necessity, 

14 „  Test  Program  to  Study  Storage  Surfaces. 

a,  H.l;  Heydt  with  assistance  from  M.I.  Florencourt 
will  study  emission  from  Mods  7  and  9  to  acquaint 
themselves  with  the  pulse  techniques  and  equipment,. 

They  can  obtain  preliminary  information  on  beryllium. 
W.J.  Eolan  will  supervise  this. 


IfHWWWWW  *  ISP* 
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b,  Provide  a  temporary  test  set  up  for  life  testis 
using  present  power  supplies  of  bendb.es  1  a  ad  6 
with  extension  cables,  will  require  very  little 
new  equipment, 

c„  Mode  12,  13*  19,  20  and  other  mods  may  be  tasted 
in  this  equipment. 


15,  Tact  Program  to  study  storage  operation  of  the  different 
electrostatic  storage  tubes.  Mod  11A  was  tested  on  benches  1  and  2, 
hole  14A„  15„  16,  17,  will  also  be  tested  in  this  set-up.  This  can 
also  be  used  for  demonstrations  if  reasonable  notice  of  visits  is  given, 

The  circuits  used  in  this  testing  are  being  modified  in  sn 
attempt  to  get.  more  reliable  operation. 


16,  Test  Equipment., 

\ 

a,  Puls or  will  be  constructed  and  tested, 

b.  Two  extra  gate  and  delay  four-circuit  units  will  be 
built  along  with  the  demonstrator  by  an  outside  vendor, 

c„  When  time  permit?  more  sui t abl o* equipment  will  be 
constructed  for  life  tests  outlined  in  14b. 

17,  Reports  and  Memos, 

a.  Mod  1  report  substantially  complete,  W„J,  .Solan  is 
supervising  the  issuing  of  drawings, 

b.  Memo  on  Mod  5  is  approximately  one-half  completed, 

c.  Memo  on  Mods  2 ,,3*4  (one  memo  on  all)  not  yet  started. 

d.  Mod  6  report  will  be  started  during  this  period, 

e.  Reports  on  Mods  10  and  11A  cannot  be  started  during 
this  period, 

18,  R?  Bomber. 

\ 

Construction  work  has  been  practically  complete  for  some 
time.  Actual  use  is  dependent  upon  the  arrival  of  RF  Cables 
and  some  small  parts,,  and  possible  operating  troubles  when 
first  turned  on.  'An  estimate  of  time  on  this  is  very 
difficult. 


IS.  Construction  Work  in  Tactrun  Tube  Rook, 

a.  Most  of  the  heavy  construction  work  has  bean  completed, 

b.  Considerable  work  must  be  done  on  the  glass  lathe  before 
it  is  useful  for  glass  work. 
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c.  Gas  data  storage  bench  must  be  set  up  and  tests'".. 

d.  One  vacuum  system  will  be  completed  the  evenings  of 
October  28,  29,  30,  This  system  will  be  tested  as 
tine  permits.  This  system  can  be  used  to  process 
tubes  by  the  time  the  r~f  bomber  is  ready. 

e.  Plans  for  an  analyzer  and  an  annealing  oven  are  m 
the  hands  of  He  Tonsing. 

20,  Storago  Surface  Material. 

The  type  of  electrostatic  storage  tube  now  being  considered 
requires  for  its  (satisfactory  operation  a  storage  surface  having  the 
following  characteristics? 

a.  Low  first  crossover  potential  30  to  50  volts  desirable, 

b.  High  secondary  emission  ratio  and  high  second  crossover 
A  secondary  emititsion  ratio  greater  than  two  up  to  3  or  <\ 

37  would  be  desirable 

c.  High  insulation  resistance  to  backing  or  Bignal  plate 
and  between  storage  elements* 

d„  Stability  and ‘long  life  under  electron  bombardment* 

o„  Capacity  to  signs!  plate  of  about  75  yjaf  per  eq  cm. 

f.  Possibility  of  being  formed  into  a  griddle  surface, 
if  a  griddle  surface  should  be  required. 

All  tests  and  studies  in  the  literature  indicate  Air,  0,, 
will  not  fulfill  these  requirements.  The  first  crossover  la  high  and  max 
iraum  secondary  omission  ratio  is  low. 

In  the  present  series  of  tubes  we  will  study  a  beryllium 
oxide  mosaic  on  Air,  Mutter  and  Breckenridgs  have  made  studios  of 

beryllium  oxide  which  indicate  it  has  many  of  the  desirable  properties 
that  Air,  0„  lacks.  Under  investigation  are  methods  of  preparing  good 
beryllium  oxide  surfaces.  There  are  two  methods  contemplated  at  present, 

One  is  to  evaporate  a  film  of  the  metal  over  a  dielectric  and  oxidize  it 
In  the  presence  of  a  stream  of  oxygen.  (There  is  some  question  how  thick 
a  layer  of  oxide  can  be  obtained  in  this  manner).  The  second  method  is 
to  anodize  beryllium.  These  studies  might  indicate  the  divisibility  of  o 
series  of  tubes  using  beryllium  oxide  as  the  dielectric  as  well  as  the 
emitter., 

If  a  phosphor  can  be  found  having  the  desirable 
characteristics  it  would  have  the  advantage  of  a  visual  indication  of 
storage.  Good  light  output  efficiency  may  he  necessary  because  of  the 
low  energy  of  the  holding  beam.  Wo  have  smarted  a  search  in  this  direction. 


?  Of  ? 
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Studies  and  search.  w  on  miW'U. It  other  than  phosphors 
aw,  beryllium  oxide  cannot  ao  started  at  thin  time. 

21 0  Klee tron  Gun, 

The  group  realises  that  design  of  a  gun  to  meet  the  needs  of 
our  particular  type  of  operation  would  he  desirable,,  but  wo  aie  unable 
to  consider  that  problem  at  the  present  memento 
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Project  Whirlwind 
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SUBJECT?  AQSJ&O  ,ji 

To;  P,,'  1  ,  S.  Dodd,,  F.  Cnovei.1 

y.Q a?  T.  F  Clough 

Date;  October  7.  19^7 

Di a cue* ion  of  Aqua&og  problems  with  Mr,  jSentner  of  Ache  son  jolloldn  Corp. 

Object  of  discussion  wac  to  obtain  inf. orr-utlon  as  to  the  proper  use  end 
storage  of  Aquadag,  Through  the  services  of  Mi*.  Worley 1  e  office  the  Atoheecm 
Colloids  service  represent at ives  called  at  onr  laboratories  on  September  30* 
1947.  r1e  obtained  much  useful  information  &  to  the  result  of  his  visit, 

Resul ts  of  Discussion 


1 .  Life  of  the  Solution; 

The  maximum  life  of  unopened  jars  of  aquadag  is  one  (1)  year,.  The 
life  of  opened  jars  of  aquadag  is  questionable.  The  waggested  maximum  length 
of  time  which,  a  eodituo  silicate  aquedag  solution  should  bo  hold,,  after  mixture, 
f.e  two  (2)  weeks.  During  this  time  the  silicate  tends  to  harden,  the  mixture 
flakes  off  the  sides  of  tho  container  aid  the  carbon  particles  tend  to 
agglomerate.  If  a  skin  forms  on  top  of  the  solution  it  is  an  indication  that 
the  solution  has  progreseed  far  beyond  the  useable  stage 

«**  * 

P  Application 

Surfaces  must  be  very  clean  in  order  to  i nerve  good  adhesion. 

3-  Thickness  of  Coating 

In  most  cases  where  a  thick  coating  is  necessary  It  is  desirable  to 
apply  several  thin  coate  rather  then  one  thick  one.  These  thin  coats  should 
be  air  cried  between  applications,  although  baking  is  probably  not  necessary 
between  coats.  The  resistance  of  one  (1)  thick  coat  is  not  appreciably  different 
from  that  of  several  thin  coats  and  the  adhesion  of  the  thin  coats  is  batter. 

4.  Mixtures 

“DuMont  is  experimenting  using  m  EC-156  solution  which  is  l1;^  'solids 
in  a  1-1  solution,  This  co-spares  to  a  solids  content  in  aquadag  of  The 

DuMont  formula  is  100  grams  of  BC-156  solution  or  aquadag,  20  cc  of  water, 

30  grams  of  30$  silicate,,  This  may  bo  either  sodium  or  potassium.  The  dilution 
of  this  formula  should  not  be  over  1~2»  After  the  parte  are  coated  they  are 
air  dried,  and  then  baked  ^  hour  at  350°’“'  DuMont  is  see -lug  to  prevent  lift,,- 
ing  of  the  coating  adjacent  to  a  third  anode  type  of  glass  to  metal  seal 
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Lifting  ie  being  caused  in  television  tubes  by  high  current  density  or  high 
voltage  gradient, 

Vc  have  been  given  a  sample  of  lfj4  dag  which  in  graphite  in  alcohol. 

This  must  be  diluted  with  alcohol „  acetone,  carbon  tetrachloride  etc.  Do  not 
use  petroleum  solvents  or  water.  We  have  a  sample  of  this  dag  which  ie 
advantageous  for  faster  drying  time  and  is  used  especially  in  machine  assembly. 
This  was  brought  by  Mr.  Sentnor  as  he  was  not  sure  whether  our  problem  in¬ 
volved  machines  or  not. 

3 .  Recommendations 

Aquadag  should  be  odered  in  cartons  of  12,  two  oz.  jars.  First, 
because  the  small  jars  will  prevent  excessive  deterioration  which  would  coins 
with  the  numerous  openings  of  a  larger  supply.  Secondly,  Because  the  price  ifi 
reduced  by  50$  when  ordering  by  the  carton.  Orders  should  be  limited  to  a 
maximum  of  one  years  supply,  much  less  if  possible. 

Dilution 

Aquadag  for  brushing  should  bo  diluted  2  or  3  to  1  wich  uistillod 
water  depending  on  the  desired  consistency.  "Only  a  vaiy  small  amount  ot 
6odium  Silicate  should  be  added  for  good  odheoion,  say  from  £  to  2$.  Sodium 
Silicate  tends  to  increase  the  resistance  of  the  coating. 

Surface  Preparation 

The  surfaces  to  which  aquadag  is  to  be  applied  should  be  very  clean. 

Glass  should  be  chromic  acid  cleaned  if  necessary. 

Drying 

Before  baking 6  the  coating  should  be  well  air  dried.  After  thia  c rying, 
bake  at  400-500°C  for  3-4  hrB.  with  air  circulating  as  at  present.  This 
baking  and  air  circulation  removes  the  vapors  present  during  the  breakdown  of 
the  organic  aquadag  binder. 

Application 

Avoid  thick  coats.  Apply  with  a  soft  brush. 


Signed 


tT  FT^Loagh 


TFC/sp 
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TO', 


FROM; 


J.  V.  Forrester,  H.  &,  Soya,  It.  L.  Brown. 
F.  H.  Cacvoll,  A.  ft.  Curtisa,  S„  H.  1>oM, 
P,  Yoxxt.z,  Jo  Oo  Ely,  R.  H0  Everett, 

Ho  Fahneotoak,  W,  Jo  Nolan,  A.  J.  Taylor 

Jo  R.  Macdonald 


SUBJECT;  Preparation  of  Metallic  Coatings  for  Grit. 
Stro.ctur©n 


BATE:  December  18,  1946 
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4i _ Platinum  Coating  of  Mica 

Several  mioa  plates  were  partially  coatee,  with  platinum  paint 
to  nerve  ao  elgnal  plates  In  the  grid  structures  of  r it o rage  tubes  under 
construction.  The  paint  used  was  Ll0uid  Bright  Platimun(colloldal) 

IfOo  05,  manufactured  by  the  Hanovla  Chomice!.  and  ?!  ant  ifactu  ring  Company, 

Newark,  Hew  Jersey.  The  procedure  in  applying  and  Inking  the  coating  was 
a  a  follows: 

1)  Apply  light  coat  on  desired  area  with  a  small  camel* g  hair 
brush.  Bake  for  thirty  minutes  under  the  infra  rod  lamp. 

S)  Place  sample  In  electric  furnace  at  hOO  f„  Leave  door  of 
furnace  slightly  open  for  ten  mlnuteu  to  allow  fumes  to 
escape# 

3)  Cloee  door  and  adjust  temperature  for  600°  f» 

4)  After  ten  minutes  increase  temperature  to  800-850  degrees. 
Allow  sample  to  remain  at  this  temperature  for  30  minutes 
to  an  hour  to  drive  out  all  residue!  moisture. 

5)  Apply  another  coat  of  paint  and  repeat  above  procedure. 

If  it  lo  desired  to  have  a  heavy  layer  of  platinum,  two 
coats  may  be  applied  v?ith  only  drying  under  the  heat  lamp 
between  applications.  Thl r,  saves  bailing  time.  The  two 
coate  aro  then  baked  as  above. 

6)  The  nickel  contact  lugs  are  bent  into  position  on  the  sample 
after  the  second  or  third  coat  has  been  baked.  Then,  the 
lugB  are  painted  over  with  platinum  paint  to  insure  good 
contact,  and  the  sample  la  heated  and  baited  once  again  as 
above. 

3L — §.l!yer_,Co,ati net,  of  Mica 

The  silver  paint  uood  was  Liquid  Silver,  Ko,  122**A,  manufactured 
by  the  Hanovla  Chemical  end  Manufacturing  Company.  The  application  and  hoat 
treatment  of  the  silver  paint  is  the  same  as  that  above  for  the  platinum,  with 
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the  following  exceptions: 

1)  The  silver  paint  lo  more  viscous  and  Is  ©arier  to  app'-y*- 

2)  The  coating  1©  thicker,  eo  that  tw, rather  than  three 
coats  give  a  thick  enough  loyer, 

3)  The  final  phase  of  the  baking  can  be  carried  out  at 
900-1000°  f.  Unlike  the  platinum  the  silver  la  p&rouci 
enough  to  allow  any  water  of  hydration  from  the  mica  to 
pass  thru  It  without  bulging  and  bubbling.  Temperature* 
greater  than  1000°  f  should  not  be  applied  to  the  mica  for 
any  period  of  time  exceeding  five  minutes  or  the  mica 
permanently  deteriorate e» 

In  addition  to  the  ailver  coating  applied  over  a  large  part  of 
the  surface  of  several  of  the  mica  samples,  silver  was  alee  applied  In  email 
opots  or  "islands".  These  ware  positioned  to  fall  directly  beneath  the  holes 
in  the  nickel  grid  structure.  After  two  coat®  were  applied  to  each  spot  and 
the  baking  carried  out,  fin©  molybdenum  wire*  ware  securely  attached  at  each 
edge  of  the  sample  with  small  nickel  luge,  and  one  and  of  oach  wire  painted 
down  to  a  silver  inland 


After  baking,  these  connections  were  found  to  have  considerable 
mechanical  rigidity,  r  “  mica  t ample 


molybdenum  vlr® 


silver  IsLand 


It  •was  fount!  that  connections  to  tho  silver  could  be,,  made  which 
had  considerably  leas  resistance  than  any  possible  with  the  platinum.  This 
is  due  principally  to  t:.e thinness  of  the  platinum  coating.  Minimum  reel  Blanca 
between  terminals  obtaij.abl©  with  the  platinum  coating  was  3  ohme,  with  the 
average  after  three  costa  being  about  6  ohmo;  whereas,  that  obtained  with 
the  silver  paint  was  usually  lesa  than  .1  ohm. 


Due  to  the  case  with  which  the  silver  can  be  applied,  the  superior 
continuity  end  conductivity  of  a  ©liver  surface,  and  the  higher  temperature 
at  which  it  con  be  baknd,  it  is  recommended  that  future  signal  platen  be 
coated  with  silver  rather  than  with  platinum 

It  is  further  recommended  that  testa  In  vacuum  bo  carried  out 
to  determine  tho  relative  behavtor  of  silver  and  platinum  coatings  in  vacuum 
as  regards  occluded  gi.eos,  evaporation,  and  permanence. 


ijvp-,6 

w.  dose  Macdonald 


JHKsha* 
c,c.  Dr,  Brown 


HEHOMSSJUK  NO,  M-S6 


Jn W.rotTestejjp,  S.H.Dodd,  R,R».  Everett 
J.OoEly,  Hc  Fahnestock,  W.J„ Nolan, 
H.R.Boyd,  F„H<,  Caswell,  A. R, Curtins, 
A„J,Taylor,  P„  Yoats 
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J.  Roes  Macdonald 


SUBJECT 


Construction  and  Operation  of  an 
Electrolytic  Plotting  lank 


January  17,  1947 


An  electrolytic  plotting  tank  has  Been  constructed  for  the 
purpoBO  of  plotting  omnipotent ini  lines,  It  has  recently  Leon  applied  to 
give  Information  concerning  relative  field  strengths  and  electron  patho 
between  electrode  a  in  the  experimental  storage  tubes. 


The  complete  installation  uboe  several  sieces  of  equipment 
and  test  inetrumentc  in  addition  to  the  metal  tank  itself,  A  plan 
diagram  Is  as  follows; 


ELECTROLYTIC  PLOTTING  TANK  A5S3M 8LY 


Recording  Pepor 


Pro  ho 


Pencil 


Ball ant ine 
V.T.Y.M. 


Pantograph 


Electrode* 


Hewlett  Packard 


Ball anti no 


Signal  Generator 


ioltage  Distribution 
Panel 


Null-Readi jg 
Meter 
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The  tank  itself  was  constructed  of  14-gaug©  sheet  aluminum  ^ 
corner a  of  the  tank  after  forming  ware  aluminum  soldered,  and  the  ia  *'!'.<  o 
at  the  cornera  coated  with  plloene  to  insure  we.t or- tightne as .  Finally*  four 
coats  of  plexlblacic  tar  paint  were  applied  to  the  Inside  of  the  bo  k.  ai« 
paint  never  gets  completely  hard,  so  a  thin  sheet  of  rubber  was  placed  or. 
inoet  of  the  inside  bottom  surface  to  keep  objects  placed  in  the  tank  from 
sticking  to  the  bottom.  The  tank  does  not  leak,  and  the  resistance  between 
the  electrolyte  and  the  outside  of  the  tank  is  of  the  order  of  one  megohm. 


A  wooden  arm  pantograph  ie  employed  in  conjunction  with  tae  oak 
for  use  in  moving  the  probe  to  determine  points  on  «»  equipotential  line,  and 
to  record  the  position  of  the  points  accurately. 

Associated  equipment  conslsto  of  a  Hewlett-Packard  signal 
generator  model  20 SAG,  two  Ballontlno  model  300  AO  voltmeters,  and  a  voltage 
distribution  control  panel. 


The  electrolytic  tank  is,  in  effect,  an  analogy  type  computing 
machine.  Scaled  electrodes  representing  the  electrodes  of  tho  actual  tub® 
structure  are  placed  in  the  tank  In  correct  relative  positions  and  aro 
maintained  at  certain  specific  potentials  by  connection  to  the  voltage  dis¬ 
tribution  circuit.  Static  fields  are  sot  up  by  these  potentials  in  the 
electrolyte  which  fills  the  tank,  and  the  veluo  of  the  potential  at  any 
position  between  the  electrodes  is  directly  proportional  to  the  potential 
which  would  be  oaueed  by  the  seme  relative  potentials  on  the  electroaes  in 
the  storage  tube. 

The  electrolyte  used  le  tap  water  with  a  very  email  amount  of  *alt 
added.  Its  real  stance  aa  measured  between  email  immersed  wires  ie  of  the 
order  of  500-2000  ohms. 


In  practice  the  plotting  of  equipotential  line*,  let  carried  out  &« 
follower  A  certain  equipotential  lino  ie  determined  upon  ond  the  pro  bo 
voltage  set  to  the  value  of  Its  potential.  It  can  be  seen  that  when  the 
probe  ie  at  a  position  in  the  tank  which  also  has  this  potential  there  will 
be  no  current  flow  between  tank  and  probe.  This  condition  is  achieved  by 
measuring  the  current,  or  actually  a  voltage  proportional  to  it.  on  a 
Ballantine  voltmeter  and  moving  the  probe  in  the  tank  until  a  minimum  reading 
i»  obtained  on  the  voltaotor.  After  a  point  haB  been  bo  obtained  and  re¬ 
corded  on  the  .adjoining  paper,  the  probe  is  moved  a  bit  in  the  expeote 
direction  of  the  equipotential  line  ond  another  point  determined  by  moving 
the  probe  at  right  angles  to  the  equipotential  line,  around  this  adjoining 
point  until  another  minimum  position  is  determined.  Thus  the  flu&i. 
equipotential  line  consists  of  a  number  of  closely  spaced  experimentally 

determined  point b. 


Alternating  current  la  uced  with  the  tank  to  minimise  electrolysis 
effects  which  would  cause  the  principal  voltage  drop  to  occur  very  c  os©  ;o 
the  surface  of  the  eleotrodes,  and  would  hence  distort  the  field ,  A 
frequency  of  about  250  o.p.e.  was  {selected  to  minimize  phatse  shifts  and 


in . .  ii~i  n  nmm  B mil  In  . «ri '1r ' i it  n 
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pickup.  Maximum  voltage  available  across  electrode  a  Is  four  volte,  Tha 
system  ip.  grounded  end  all  wlren  shi aided f  "but  initial!/  considerable 
trouble  was  caused  by  60  cyclo  pickup  which  materially  reduced  th© 
sensitivity  of  th©  device.  The  offect  of  this  condition  was  practically 
eliminated  by  putting  a  high  pans  flit or  in  the  cirouit  between  the  probe 
and  tho  null-reading  voltmeter.  This  filter  was  designed  to  have  an 
Infinite  rejection  characteristic  at  60  c.p.o.  and  was  accurately  tun ad 
to  this  frequency.  Its  nominal  cut  off  is  100  c.p.a.  Through  Its  us© 
eanaltivlfclee  of  the  order  of  a  ratio  of  1  to  a  1000  between  minimum  end 
maximum  readings  have  been  easily  attained. 

The  voltage  distribution  circuit  consists  of  a  nusabor  of  50  -uh« 
wire-wound  potent  tone  tern  so  connected  that  as  many  as  five  instantaneously 
positive  separate  voltages  and  .five  instantaneously  negative  voltages  can  b© 
obtained  as  output©  for  use  in  adjusting  electrode  potentials.  The  probe 
Is  connected  ao  that  it  can  easily  ba  adjusted  to  either  a  positive  or 
negative  voltage  with  respect  to  tho  arbitrarily  designated  positive  Bid®  of 
the  two  phase  line.  The  probe  itself  consists  of  a  short  piece  of  24.~g,aig* 
stainless  steel  wire  and  Is  adjtr.atod  in  length  so  that  from  a  l/8  to  a  l/ 4 
of  an  inch  of  it  la  immersed  in  the  electrolyte  during  plotting.  Further 
detail#  of  the  circuits  of  the  voltage  distributer  and  filter  can  be  found  in 
1KIC89-90. 

This  tonic  has  thus  far  been  used  with  several  different  electrode 
configurations,  and  the  oquipotential  lino©  plotted  for  each  for  several 
different  value©  of  electrode  potentials.  Results  of  considerable  interest 
have  been  obtained  and  the  tank  promises  to  afford  much  information  con¬ 
cerning  electron  behavior  in  the  storage  tube.  A  ©lmple  configuration,  of 
eleotrodes  and  equipotential  lir.es  is  given  below. 


o, o.  Drt  Brown 
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snBJECTi  29agH^«BESroww. as  ^sctrolytic  tame 
Written  by:  J.  Roes  Macdonald 
Date:  September  22nd,  1947 
Purpose  of  Potential  Plotting 

An  electrolytic  tank  vas  constructed  to  allow  the  following  experi¬ 
mental  investigations  to  be  carried  out: 

a)  A  determination  of  the  equipotential  lines  between  a  simulated 
storage-tube  grid  structure  and  charged  spots  on  a  dielectric 
surface 

b)  A  determination  of  the  penetration  of  electric  fields  into  pockets 
and  the  effect  cf  differences  in  potential  between  pocket  walls 
and  bottoms. 

Introduction 


The  electrolytic  tank  Is,  in  effect,  an  analogy-type  computing  machine. 
Scaled  electrodes  representing  the  electrodes  of  an  actual  electron  tube  are 
placed  in  the  tank  in  correct  relative  positions  and  are  maintained  at  specific 
potentials  by  connection  to  a  voltage  distribution  circuit.  A  static  two- 
dimensional  fiold  is  set  up  in  the  electrolyte  by  the  potentials  of  the  electrodes, 
and  the  value  of  the  potential  at  any  position  between  the  electrodes  ie  directly 
proportional  to  the  potential  which  would  be  caused  by  the  same  relative  potentials 
on  the  electrodes  of  the  electron  tube.  By  means  of  a  movable  probe  attached  to  a 
pantograph  the  equipotentlal  lines  may  be  plotted  and  so  the  character  of  the  field 
determined. 

Description  of  Apparatus 

The  layout  of  the  complete  apparatus  used  to  plot  eouipotential  lines 
la  shown  in  Drawing  A-30911.  The  source  of  volta  e  is  a  Hewley-Packatrd  Signal 
Generator,  Model  205-AG.  The  voltage  distribution  panel  shown  in  Drawing  A-30911 
Is  used  to  adjust  the  voltages  of  as  many  as  ten  different  electrodes  in  the  tank. 
The  circuit  of  this  panel  is  shown  in  Drawing  A-30912.  One  Ballantine  Model 
00  a-c  voltmeter  (Vj. )  is  used  to  adjust  electrode  voltageB  while  the  other  (Vs) 

Is  employed  as  a  null-reading  meter  to  position  the  probe  accurately.  ^ 
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The  tank  used  was  made  of  14-gauge  sheet  aluminum.  After  forming,  the 
corners  of  the  tank  were  aluminum  soldered  and  the  inside  of  the  corners  coated 
with  plicene  to  ensure  water-tightness.  Finally,  four  coats  of  plexiblack  tar 
paint  t  rre  a-volied  to  the  inside  of  the  tank.  Since  this  paint  never  becomes 
completely  hard,  a  thin  sheet  of  rubber  was  placed  over  most  of  the  inside  bottom 
surface  to  keep  objects  placed  in  the  tank  from  sticking  to  the  bottom.  It  was 
found  that  the  tank  did  not  leak,  and  the  resistance  between  the  electrolyte  and 
the  met..l  of  the  tank  was  of  the  order  of  one  megohm.  The  electrolyte  used  was 
plain  tap-water  with  a  very  email  amount  of  salt  added.  Its  resistance  measured 
between  small  immersed  wires  was  of  the  order  of  500  to  2000  ohm®. 

The  pantograph  shown  on  Drawing  A-30911  was  constructed  with  wooden  arms<> 

A  pencil  is  placed  at  one  end,  while  the  metal  probe,  which  dips  about  one-quarter 
of  an  inch  into  the  electrolyte,  is  at  the  other  end.  Thus,  motion®  of  the  probe 
are  duplicated  at  and  recorded  by  the  pencil  on  the  recording  paper.  Alternating 
current  ie  used  with  the  tank  to  minimize  the  electrolysis  effects  of  direct 
current,  which  would  cause  the  principal  voltage  drop  to  occur  close  to  the  elec¬ 
trodes  and  would  hence  distort  the  field  pattern.  A  frequency  of  250  cycles  va® 
selected  to  minimize  phase  shifts  and  yet  be  high  enough  above  line  frequency  so 
that  signal  voltage  could  he  effectively  separated  from  line  nick-up  voltage. 

The  maximum  voltage  available  between  electrodes  was  four  volts.  Although  all 
connecting  wires  were  shielded,  considerable  60-cycle  nick-uo  was  initially  en¬ 
countered.  Through  the  addition  of '  the  filter  shown  in  Drawing  A-30912,  the  effect 
of  nick-up  was  practically  eliminated,  however,  and  a  sensitivity  of  1000  to  1 
between  maximum  and  minimum  readings  of  the  null-reading  meter  was  attained. 

Operation  of  the  Tank 

In  practice,  the  plotting  of  equipotential  lines  is  carried  out  a®  follows: 
a  certain  equipotential  line  is  selected  for  plotting  and  the  nrobe  voltage  set  to 
its  potential.  When  the  probe  is  placed  in  a  position  in  the  tank  which  is  also  of 
this  potential,  there  will  be  no  current  flow  between  tank  and  probe  and  the  null¬ 
reading  meter  will  read  zero  (neglecting  noi»e  and  pick-up  voltage®) .  However,  for 
any  position  of  the  probe  in  the  tank  which  is  not  at  orobe  potential,  a  current 
will  flow,  causing  the  null-reading  meter  to  read  different  from  zero.  After  a 
point  in  the  electrolyte  has  been  found  which  is  at  probe  potential,  the  probe  is 
moved  slightly  in  the  expected  direction  of  the  equipotential  line  and  a  minimum 
(or  zero)  reading  obtained  by  moving  the  probe  back  and  forth  at  right  angles  to 
the  equipotential  line.  This  process  is  repeated  until  the  complete  equipotential 
line  has  been  plotted.  Then,  the  probe  voltage  is  changed  and  other  equipotential 
lines  determined  in  like  manner.  The  final  equipotential  lines  so  found  consist 
of  a  large  number  of  closely  spaced  points  which  can  easily  be  Joined  by  smooth 
curve®. 

Simulated  Storage-Tube  Grid  Structure® 

In  accordance  with  the  first  objective  on  page  1,  the  tank  was  first 
employed  to  plot  equipotential  lines  for  simulated  grid  structures.  Some  of  the 
results  of  this  investigation  are  given  in  Drawings  B -30939  and  BK59938. 
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Both  electrodes  and  equine ten tial  lines  are  marked  with  their  respective 
potentials.  However,  the  potentials  shown  in  these  drawings  are  10  times 
greater  than  those  actually  used  in  the  electrolytic  tank.  The  drawings 
themselves  are  reduced  by  a  factor  of  two  from  the  original  size  of  the 
plots  on  the  recording  paper. 

Both  Drawing  B-30939  and  B-30938  represent  the  case  in  which  two 
neighboring  spots  on  the  dielectric  are  charged  negatively  and  positively 
respectively.  The  spots  are  separated  on  either  eide  by  uncharged  aero 
potential)  regions.  The  signal  grid  is  negative  since  this  is  the  condition 
when  most  secondary  electron  redistribution  takes  mince.  In  Drawing  B-30939 
the  electrodes  are  effectively  one-dimensional,  whereas  in  Drawing  8-30938 
some  account  is  taken  of  the  finite  thickness  of  the  signal  grid  on  an  electron 
size  scale. 

The  lines  of  electric  flux  can  be  derived  from  the  equipotential 
lines  by  drawing  in  a  network  of  lines  everywhere  orthogonal  to  the  equi- 
potential  lines.  Finally,  electron  trajectories  can  be  determined  by  any  of 
several  successive  approximation  methods  described  on  pages  78  to  8.5  of 
Reference  1.  The  determination  of  neither  flux  lines  nor  trajectories  has 
been  carried  out,  however,  because  of  the  only  approximate  correspondence  between 
the  potential  lines  shown  here  and  the  actual  equipotentiale  in  a  storage  tube. 
There  are  two  main  causes  of  this  lack  of  complete  correspondence:  first,  the 
scaling  down  of  the  electrode  configuration  in  only  approximate,  and  second, 
the  use  of  equipotential  charged  regions  on  the  H dielectric11  surface  is  only  a 
rough  approximation  of  the  actual  space  distribution  of  potential  o  a  charged 
snot  on  a  dielectric  having  small  but  finite  conductivity. 

Since  an  electron's  path  will  roughly  follow  electric  flux  lines  in 
the  direction  of  increasing  potential,  the  approximate  oath  of  an  el  ectron  can 
easily  be  seen  on  Drawings  B-30939  and  B-30938 0  Secondary  electron  redistri¬ 
bution  mainly  occurs  during  charging  of  a  spot  negatively.  Therefore,  it  can 
be  seen  that  redistribution  electrons  will  leave  the  spot  being  cha  ged  as  it 
becomes  more  and  more  negative,  will  travel  approximately  perpendicular  to  the 
equipotential  lines,  and  will  either  reach  the  uncharged  region  between  spots 
or  finally  reach  the  adjoining  positive  spot  and  gradually  discharge  it.  Thus* 
these  two  drawings  graphically  illustrate  the  redistribution  phenomena  and  show 
its  deleterious  effects. 

The  Penetration  of  Fields  into  Pockets 

The  penetration  of  electric  fields  into  pockets  is  illustrated  in 
Drawings  A-30914  through  A-30920.  The  electrode  configuration  employed  is 
illustrated  on  each  of  these  grapho.  It  consists  basically  of  a  pocket  made 
up  of  five  m^tal  plates  which  can  be  moved  relative  to  each  other  so  that  the 
depth  of  the  pocket  and  the  overhang  or  closure  of  the  plates  at  the  top  of  the 
pocket  can  be  varied  independently.  For  each  of  these  curves,  the  potential  was 
measured  along  the  center  line,  xe  from  the  back  plate  out  to  the  oxxtside  of  the 
pocket.  Curves  are  given  for  different  values  of  the  ratio  d/w,  different  top 
closures,  and  different  plate  potential?. 
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The  actual  field  ot  any  point  on  the  center  line,  x ,  may  "be  derived  from 
these  curves  by  taking  the  negative  of  the  slope  of  a  curve  at  the  desired  point, 
Avx 

- . — -  where  the  factor  d  must  be  introduced  because  of  the  normalization  of 

(/S.  x/d)d 

the  abscissae  of  the  curves.  For  example,  using  a  value  of  0.04  centimeters  for 
d,  the  field  at  x( d  =  0  for  curve  B  of  Drawing  A-30914  let 


H-60).  -  (-50) 
£25  -  Oj  x  .04 


103  volts/cm 


However,  the  absolute  value  of  the  field  is  not  of  most  interest,  since  it  depends 
upon  the  potentials  used  on  the  metal  plates  of  the  pocket  of  the  model.  It  is 
the  change  in  the  field  with  different  pocket  configurations'  and  different  plat© 
potentials  that  is  most  important.  The  three  small  inset  curves  on  Drawings 
A-30914,  A-30915,  and  A-30916  give  the  slope  of  the  curvee  A,  B,  C,  D  at  x/d  ~  0 
as  a  function  of  the  difference  in  potential  between  the  bottom  and  side  plates 
of  the  pockets  for  three  different  pocket  configurations.  The  slopes  plotted  are 
the  tangents  of  the  actual  angles  on  the  graphs  obtained  by  direct  measurement 
for  the  different  curves  at  x/d  “  0  and  are  hence  proportional  to  the  negative  of 
the  electric  field  (i.e.,  the  force  on  an  electron)  at  this  point.  These  three 
curves  show  the  effect  of  static  charges  on  the  sid©B  of  the  pockets  noon  the 
field  at  the  bottom.  As  might  be  expected,  the  potential  of  the  sides,  and  not 
the  potential  at  the  top  of  the  -Dockets,  is  the  determining  factor,  although  the 
degree  of  plate  closure  at  the  ton  and  the  ratio  d/w  may  also  have  an  anoreciable 
effect  on  the  field.  Although  the  use  of  metal  plates,  rather  than  a  charged 
dielectric  surface  as  in  an  actual  pocket;  causes  the  different  parte  of  the  pockets 
to  be  equipotentials,  the  degree  of  approximation  is  still  adequate  for  general 
conclusions  to  be  drawn  from  the  graphs. 


Drawing  A-30917  shows  the  effect  of  increasing  the  closure  upon  the 
potential  distribution  along  the  center  line  of  the  pocket.  The  potential  of 
the  sides  and  bottom  are  the  same,  since  this  is  the  condition  which  would  obtain 
when  a  pocket  was  first  being  charged  up.  In  the  region  of  interest  within  the 
pocket,  0  <■  x/d  st  1,  there  is  surprisingly  little  difference  between  the  three 
curves,  and  the  difference  between  half  and  complete  closure  is  negligible  in  this 
region.  The  degree  of  closure  is  thus  not  a  very  important  parameter  when  d/W  -  1 

In  Drawing  A-30918,  the  effects  of  varying  both  d/w  and  the  closure  are 
compared  for  the  same  plate  potential  conditions  as  in  Drawing  A-30917.  The  inset 
curves  give  the  initial  slope  obtained  for  these  different  conditions  as  a  function 
of  d/w  and  of  closure.  These  few  points  can  indicate  only  a  trend;  however,  it  can 
be  seen  from  the  spacing  of  the  two  pairs  of  straight  lines  that  decreasing  d/W 
increases  the  initial  field  much  more  than  does  increasing  the  closure.  Nevertheles 
the  effect  of  increasing  closure  increases  as  d/W  is  decreased.  Finally,  Drawings 
A-30919  and  A-30920  indicate  the  effect  of  a  positive  external  plate,  or  anode,  in 
front  of  the  pocket  upon  the  conter-line  potential  distribution.  Inside  the  pocket, 
the  effect  is  practically  negligible  for  the  relative  potentials  considered. 


The  principal  conclusions  to  be  drawn  from  these  graphs  ares  first,  that 
adenuate  penetration  of  an  electric  field  into  a  pocket  when  walls  and  bottom  are 
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at  the  game  potential  can  be  achieved  by  designing  the  pockets  so  that  d/W<  1 
and  so  that  there  is  some  top  closure,  and  second,  that  the  above  deoign 
materially  decreases  the  shielding  effect  of  static  charges  on  the  walla  of 
the  pocket.  In  an  actual  application,  the  effect  of  almost  complete  closure 
would  be  obtained  because  the  wires  of  the  signal  grid  would  pass  over  the  top 
of  each  pocket  an  well  as  make  electric  contact  with  the  tops  of  the  walls  of 
the  pocket.  However,  those  electrolytic  tank  studies  show  that  the  shielding 
effect  produced  by  having  the  walls  of  a  pocket  at  a  different  potential  from 
the  bottom  may  inhibit  fields  external  to  the  pocket  from  penetrating  to  the 
bottom.  In  practice,  however,  the  potentials  of  walls  and  bottom  will  usually 
not  differ  greatly  because  both  primary  and  secondary  electrons  will  strike  the 
walls  and  will  therefore  charge  them  up  at  a  rate  only  slightly  different  from 
that  of  the  bottom,  provided  walls  and  bottom  are  of  the  same  material.  There¬ 
fore,  as  long  as  the  relation  d/w<l  is  maintained,  the  actual  configuration  of 
the  pocket  be  determined  from  other  considerations  than  the  limitations 
imposed  by  inadequate  field  penetration  (within  wide  limits)* 
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